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1. 
The invention relates to electromagnetic con 

trol apparatus, particularly electromagnetically 
controlled directive relay systems, and provides 
an improved sensitive polarized selective circuit 
controlling relay having an improved differential 
polarization control system particularly adapted 
for automatic temperature regulating or other 
condition modulating or directive reversing con 
trol Service, 
The principal object is to provide an improved 

form of sensitive circuit controlling relay having 
a polarized triple pole magnetic structure with 
differential polarization control Windings for con 
trolling a centrally pivoted reversely tilting mag 
netic operating member so as to produce an im 
proved polarized flux shifting power annplifying 
action for sensitizing the relay eiectromagnetic 
energization control. In this way a very Sensitive 
trigger controlled reversible magnetic biasing 
action may be obtained to effect Snap action open 
ing and closing of the relay circuit controlling 
contacts and also provide adequate circuit closing 
contact pressure even with a relatively feeble 
electromagnetic polarization control power. 
A further object is to provide an improved 

polarized relay magnetic structure having im 
proved Sensitizing calibrating means capable of 
Selectively adjusting the relative magnetic re 
luctances of a polarized flux shifting forked path 
and a differentially interlinked electromagnetic 
polarization control flux path. With both paths ex 
tending through a three-position flux responsive 
tilting member that can thereby be selectively 
biased to any one of three control positions. This 
improved differentially controlled polarized mag 
netic structure enables selective relay calibrating 
and biasing adjustments to be made to meet 
Widely varying control conditions and require 
ments in temperature regulating or other control 
Service. 
A still further object is to provide an improved 

differential electromagnetic polarization control 
System for the three-pole polarized relay so as to 
further improve the sensitivity, accuracy, speed 
of response, and ability to meet widely varying 
control conditions and requirements. In this way 
the control power losses and other regulating 
difficulties and limitations encountered in the 
usual. Wheatstone bridge or other conventional 
types of directive relay Systems can be materially : 
reduced. 
A more specific object is to improve the three 

pole polarized relay and the electromagnetic 
polarization control System therefor So as to en 
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2 
low power temperature responsive control resistor 
having a marked negative temperature coefficient 
of resistance such, for example, as disclosed in 
my Patent 2,271,975. In this way no auxiliary 
thermionic or other control power amplifying 
means are required due to the control power mag 
netic amplifying action provided directly by the 
sensitized directive relay and the differential elec 
tromagnetic polarization control System therefor. 
in addition, the improved temperature responsive 
system is substantially freed from the usual fric 
tional control inaccuracies; false Operations due 
to contact vibration when Subject to shock; con 
trol element space and temperature limitations; 
and various other difficulties encountered in the 
usual forms of temperature responsive directive 
relay Systems. Also, an electrical “preheat' con 
trol stabilizing action is automatically obtained 
that tends to increase the Sensitivity of response 
and thus prevent overshooting and undershooting 
of the desired temperature. 

Further objectS and advantages of the present 
invention are Set forth in the following descrip 
tion of the preferred embodiment thereof illus 
trated in the accompanying drawing in which 
Fig. 1 is a front view of the improved polarized 
directive relay structure; Fig. 2 is a back view 
of the relay; Fig. 3 is a top view of the relay with 
certain parts omitted for the sake of clarity; Fig. 
4 is a sectional view along the line 4-4 of Fig. 2 
to show more clearly the details of the relay con 
Struction; Fig. 5 is a circuit diagram showing 
Schematically the improved relay electromagnetic 
differential polarization control system adapted 
for automatic polarization equalizing or rebalanc 
iing operation in temperature modulating Service 
under the control of a negative temperature co 
efficient resistor; Fig. 6 shows a manually ad 
justed polarization equalizing modification of the 
control System of Fig. 5; and Fig. 7 is a chart 
showing the improved temperature band type of 
control that may be obtained with the tempera 
ture responsive control System modified as shown 
in Fig. 6. 

In Fig. 1 of the drawing, the permanent mag 
net iO for poiarizing the relay is shown as formed 
of a Series of permanently magnetized bodies, 
preferably of the sintered high reluctance type 
providing a strong polarizing magnetic power. 
The permanent magnet 0 is mounted by means 
of a screw Od, and the magnetic head Ob upon 
the base plate f f of magnetic material from which 
the two magnetic pole pieces 2 and 3 extend in 

able direct control by a very sensitive but very 55 parallel alignment so as to constitute a polarized 
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magnetic structure having a pair of magnetically 
balanced like poles. 
A cooperating magnetic structure comprising 

the opposite pole piece is and the air gap adjust 
ing screw 5 is centrally offset between the two 
aligned poles 2 and 3 and oppositely polarized 
by the permanent magnet with the reluctance 
of the polarizing flux path variable in accordance 
with the adjustinent of the screw 5 towards or 
away from the magnetic head (b. The opposite 
pole piece E4 is suitably mounted upon a relay 
terminal connection panel 8, preferably formed 
of molded insulating material and Supported in 
adjustabie Spaced apart relation with the mount 
ing base plate by the four corner Supporting 
posts 9. The adjusting screws 2 and nutS 22 
perinit; the position of the panel 8 together with 
the opposite pole piece 3 carried thereby to be 
variad while maintaining the opposite pole 3 in 
Symmetrical offset, relation between the pair of 
magnetically balanced poles 2 and 3 So as to 
establish an acute fork in the polarized flux path 
there between. 
The opposite pole piece carries a mounting 

yoke 25 of non-magnetic material for centrally 
pivoting the statically balanced reversely tilting 
magnetic directive member or arnature 26 with 
its axis located at the acute fork in the polarized 
magnetic flux path between the three poles 2, 
3, and 4. ihulls the three poles of the polar 

ized magnetic structure straddle the axis of the 
tilting magnetic directive member 26 and this 
enables a slight tilting of magnetic in ember 2 
either Way from its mid-position to shift a sub 
stantial and progressively increasing a mollint of 
polarized flux between the two like poles 2 and 
3 Without Substantially changing the total re 
luctance of the polarized forked flux path. The 
improved magnetic structure also provides a lo 
cal control flux path extending through the 
magnetic plate , the two parallel pole pieces 
E2 and 3, and the tilting magnetic member 26, 
and differentially interlinked with the forked 
polarized flux shifting path. This differential 
interlinking of the two flux paths enables a rel 
atively weak electromagnetic energization of the 
local control flux path to shift a substantial 
amount of polarized flux fron one fork to the 
other and thereby initiate a slight tilting of mag 
netic member 28 from the mid-position. 
initial tilting automatically amplifies the polar. 
ized flux shift to produce a further tilting and 
a further shifting of the polarized flux at a pio 
gressively increasing rate. 
As shown, the magnetic member 23 Operates 

the reversing control switch contacts 2 and 28 
that cooperate with corresponding adjustable 
contact screws 27 and 23 carried by panel 8 so 
as to open both circuits controlled thereby when 
the magnetic directive member 36 is in the mid 
position and selectively to close one or the other 
of the contacts 27, 27 or 28, 28 when the Inern 
ber 23 is tilted sufficiently from the mid control 
position. The adjustable contact Screws 2'' and 
28' also serve as adjustable stops to limit the tilt 
ing movement of member 26 to an amount de 
pendent upon the adjustment thereof. Thus the 
adjustment of these stops Will vary the control 
flux Values at which the tilting magnetic inenber 
26 will be returned to its mid-position. 
The magnetic member 23 may be selectively 

biased to its mid-position in Which it is showin, 
or to either of its contact closing positions, by 
means of the resilient biasing spring 3. Pref 
erably, the biasing Spring 3) is bent at one end 
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4. 
so as to extend through suitable pivot bearing 
openings formed in the Supporting yoke 25 and 
thus form the central Supporting pivots for the 
magnetic member 25. The pivot end of Spiring 
3G preferably is formed so as to be secured cen 
trally to the member 26 by the screws 3, as 
shown more clearly in Fig. 3, and thereby pro 
vide the central axis for the member 26 that is 
Symmetrically located in the space between the 
poles 2, 3, and 4. The other end of the bias 
ing spring 3 preferably is looped as shown so 
as to engage with a groove in the Spring bias ad 
justing Screw 32. 
Due to the Symmetrically forked form of the 

polarized three-pole magnetic relay structure, 
the centrally pivoted tilting magnetic member 25 
is in a state of magnetic equilibiium only "When 
it is in the mid-position to which it may be bi 
ased, as shown in Figs. 1 and 2, by the spring 3. 
Consequently, upon any tilting of the Innenber 
26 froin its mid-position, the magnetic equili 
brium becomes disturbed and the CppOSing mag 
netic pulls exerted upon the opposite ends of the 
member 28 by the two like poles 2 and 3 be 
coine unbalanced at a progressively increasing 
rate. Thus by an adjustment of the air gap re 
luctance screw š in the polarizing magnetic flux 
path to increase the polarizing flux to a maxi 
mum, the unbalanced magnetic biasing force pro 
Wided by the polarizing electromagnet nay, if 
desired, be made strong enough. When the nag 
netic member 26 reaches a critical position. Withia 
the limits of its tilting range to predominate over 
the opposing resilient bias of the Spring St. So as 
thereby to effect a continued tilting movement of 
the member 26 with a Sinap action to one or the 
other of the control positions in which contacts 
27, 24' or 28, 28’ are closed. However, such a 
strong Snap action polarizing flux shift adjust 
ment ordinarily is not desirable since the inem 
ber 26 is then likely to be accidentally tilted to 
the critical position by extraneous vibrations of 
shocks. Hence to insure against such accidental 
operation, the aimount of polarizing flux shift 

5 may be limited to such a value as will enable 
the biasing force gradient of spring Si to re 
main predominant over the unbalanced mag 
netic pull throughout the tilting and the polar 
ized flux shifting range of member 26 as deter 
mined by the adjustments of both the polarizing 
iuX air gap reluctance screw 5 and the tilting 
range limiting stops 2' and 28. 
In Order to obtain a Sensitive electrorrhagnetic 

differential polarization control of the differen 
tially interlinked local flux path. So as to effect 
Selective tilting of the polarized magnetic mem 
ber 26 from its mid-position, the two like poles 
2 and 3 aire provided with double opposing dif 

ferential polarization control windings, prefer 
ably but not necessarily of the improved type 
shown in Fig. 4. As shown, each of the poles 2 
and 3 is provided with an inner magnetizing 
Winding 35 and an outer opposing magnetizing 
Winding 36, each Suitably insulated from the 
other and from the magnetic structure. The two 
inner WindingS 35 are electrically interconnected 
So as differentially to vary the polarizing flux of 
the two like poles 2 and 3 and the opposing 
Outer Windings 36 are similarly interconnected. 
Thus tile magnetizing effect of the two inner 

WindingS 35 is cumulative in tending to produce 
flux in one direction in the local control flux path 
that is differexatially interlinked with the forked 
polarized flux path through the tilting member 26 
and the two like poles 2 and 3 while the mag 
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netizing effect of the two outer opposing Wind 
ings 36 is cumulative in tending to produce flux 
in the opposite direction in the local control flux 
path. Hence, these two opposing local magnetiz 
ing effects may effectively neutralize or nullify 
each other or either one may predominate OWer 
the other in accordance with the relative energi 
zation of the opposing differential selective polari 
zation control windings 35 and 36. This enables 
the magnetic member 26 to be maintained in mag 
netic equilibrium in its mid-position or to be 
selectively biased for magnetic Snap action tilt 
ing in each direction therefrom in response to 
a relatively Small increase or decrease in the ener 
gization of only one of the differential windings 
35 or 36. The other differential winding serves 
as a calibrating or nullifying winding since men 
ber 26 is responsive to the relative energization of 
the two differential Selective polarity Control 
WindingS. 
To enable the directive action of the magnetic 

member 26 to be controlled by a sensitive nega 
tive temperature coefficient resistor or other con 
trol device having relatively feeble control pOWer, 
the inner magnetizing windings 35 preferably are 
energized under the control thereof and are 
formed with a relatively large number of turns 
of relatively low current carrying capacity while 
the outer opposing calibrating magnetizing Wind 
ings 36 may comprise a fewer number of turns 
of larger current carrying capacity. Both of 
these Windings may be held firmly in place by a 
resilient mounting spring washer 3, With their 
terminals connected to suitable terminal postS 
carried on the panel 8. 
In the improved temperature modulating Sys 

ten shown in the schematic circuit diagram of 
Fig. 5, the differential selective polarization con 
trol Windings 35 of the directive relay 45 are con 
nected by conductors 60 and 6 to be energized 
from the power supply lines I, ,L2 under the con 
trol of the sensitive temperature responsive re 
sistor 40 having a marked negative temperature 
coefficient. Thus the control resistor 40 is con 
nected directly in series circuit with the windings 
35 so as differentially to vary the polarizing flux 
in the like poles 2 and 3 as an inverse function 
of the temperature variations to which the con 
trol resistor 4 is subjected. A control current 
measuring instrument 4 may, if desired, be con 
nected in the series circuit controlled by the re 
sistor 40 so as to serve as a heat regulating damper 
position indicating device. 
In the temperature regulating System of Fig. 5, 

the directive relay 45 is employed to control the 
operation of a reversible motor operated damper 
42 that may be assumed as regulating the Sup 
ply of a heating medium to control the tempera 
ture to which the negative temperature coefficient 
control resistor 40 is subjected. As shown Sche 
matically in Fig. 5, the damper 42 is operated by 
the reversible positioning motor 43 through suit 
able speed reducing gearing 44. The motor 43 
is reversed by means of the reversing field Wind 
ings 46 and 47 which are energized by the elec 
tromagnetic reversing Switches 48 and 49 under 
the selective control of the directive relay 45 to 
regulate the positioning of the damper 42. The 
reversible motor 43 also drives the sliding contact 
arn 5 of the control rebalancing resistor 52 
which is connected by conductors 75, T6 and 7 
in series circuit with the opposing differential cali 
brating windings 36 of the directive relay 45. 
The motor reversing Switches 48 and 49 have 
Selective energizing circuits controlled by the 
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directive relay contacts 27, 27' and 28, 28, pref 
erably with the limit switches 53 and 54 con 
nected in their respective circuits. 

Operation. 
With the biasing spring 3 adjusted to bias the 

movable magnetic directive member of the relay 
45 to its mid-position and with the relative re 
luctance of the polarizing and control flux paths 
suitably proportioned for the desired sensitive 
equilibrium conditions by adjusting the air gap 
control screw 5 and also the air gap adjusting 
Screws 2 and 22, and with the tilting range lin 
iting stop screws 27' and 28 adjusted for suit 
ably limiting the polarized flux shifting from the 
desired sensitive equilibrium condition, the oper 
ation of the control System shown in Fig. 5 is as 
follows. With the magnetic directive member 26 
maintained in equilibrium in its mid-position as 
shown, the motor 43 is deenergized and the damp 
er 42 will be maintained in a fixed position as long 
as the temperature to which resistor 40 is Sub 
jected remains in substantial equilibrium. Under 
these equilibrium conditions the polarizing effect 
provided by the differential magnetizing Windings 
35 is Substantially neutralized by the Opposing 
polarizing effect provided by the differential mag 
netizing windings 36. Thus there is no resultant 
polarization predominance of either winding over 
the other. To produce Such equibrium conditions, 
the rebalancing resistor 52 must regulate the cur 
rent through the Windings 36 to a Value With re 
Spect to the current through the Windings 35, as 
determined by the temperature responsive resistor 
ii) Substantially in the inverse ratio of the num 
ber Gf turns of these Windings. Thus under Such 
equilibrium conditions, the opposing magnetic 
pulls exerted by the like poles 2 and 3 upon the 
magnetic member 26 are balanced due to the sym 
metrically forked form of the three-pole mag 
netic structure that straddles the axis of member 
26 and is polarized by the permanent magnet 0. 
With the proper adjustments, the magnetic pull 
exerted by the opposite pole 4 on the statically 
balanced tilting member 26 may be made sub 
stantially to neutralize the combined opposing 
magnetic pulls exerted by the like poles 2 and 
3 so that the tilting magnetic member 26 remains 

practically floating in a Very sensitive state of 
magnetic Suspension with relatively little, if any, 
frictional pressure exerted upon the supporting 
or guiding piVOtS of the tilting member 26. To 
produce such a Sensitive floating magnetic sus 
pension, the screWS 2 f and 22 may be adjusted so 
as to vary the air gaps and therefore the pulls 
exerted upon the magnetic member 26 in its mid 
position by the like poles 2 and 3 relative to the 
opposing pull exerted thereon by the opposite 
pole 4. 

If the temperature to which the control re 
sistor 40 is subjected should rise from the desired 
equilibrium Value, then the resistance of the neg 
ative coefficient resistor 40 Will decrease as an 
inverse function of the temperature rise, while 
if the temperature should decrease, the resist 
ance of resistor 40 will increase accordingly. In 
each case, the energizing current passing through 
the differential polarized flux shifting windings 
35 Will Correspondingly increase or decrease and 
thereby reverse the polarization predominance 
thereof to provide an initial selective shifting of 
the polarizing flux between the poles 2 and 3 
to unbalance the relative polarization thereof, 
and Consequently the magnetic pulls exerted 
thereby upon the magnetic member 26. Hence, 
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upon even a slight unbalance in the magnetic pulls 
exerted thereon, the member 26 will readily start 
to move selectively one Way or the other from its 
mid-position thereby Setting up an opposing 
strain in the biasing spring 39 that tends to re 
turn the member 26 to the mid-position. But as 
indicated above, the improved magnetic struc 
ture is such that the tilting movement of mag 
netic member 26 from the mid-position will auto 
natically produce a further shifting of the polar 
izing flux between the poles 2 and 3 at a pro 
gressively increasing rate while relatively little, 
if any, variation in the total reluctance of the 
total polarizing flux path is produced. This lat 
ter is also true of the local flux path acted upon 
by the differential control windings 35 and 36 
and extending through the magnetic plate , 
the poles 2 and 3, and the tilting magnetic 
member 26. Consequently, a predetermined 
critical tilting of the magnetic member 26 from 
its mid-position is readily obtained upon a rela 
tively small change in the relative energization 
-of winding 35 and 36 producing a reversible po 
larization predominance of either one over the 
other whereupon the cumulative unbalanced mag 
netic biasing force acting on the magnetic men 
ber 26 Will rapidly predominate over the oppos 
ing force gradient of the resilient biasing spring 
30 So as to effect a Snap action operation of the 
magnetic biasing member 26 to its control posi 
tion in which either contacts 27, 27' are closed 
or contacts 28, 28' are closed. In this way the 
improved polarized relay construction of the pres 
ent invention provides an improved cumulative 
power amplifying magnetic biasing action to pro- : 
duce a selective snap action operation of the 
magnetic member 26 even though the initiating 
reversible polarization predominance resulting 
from a slight variation in the energization of the 
differential polarization control windings 35 is 
relatively weak. 
Under the assumed conditions, if the tempera 

ture of resistor 40 rises, the current will increase 
in the energizing circuit for the differential re 
Versible polarization control windings 35 extend 
ing from supply line L through conductor 60, 
windings 35, resistor 60, conductor 6, and the 
damper position indicating animeter 4 to Supply 
line L2. When the energizing current of winding 
35 increases a predetermined amount as deter 
mined by the adjustments of the relay, the direc 
tive relay 45 will close its contacts 27, 2 to en 
ergize the motor reversing switch 49 through a 
circuit extending from the supply line If through 
-conductor 70, the operating winding of the re- : 
versing switch 49, conductor if, limit switch 54, 
conductor 72, relay contacts 25, 27', and conduc 
tor 73 to the other supply line L2. The resulting 
closure of the reversing switch contact 5 will 
energize the motor 43 to rotate the damper 42 
through the gearing 45 so as to reduce the 
anoint of heating medium Supplied and thereby 
lower the temperature to which the resistor 59 is 
responsive. As the damper rotates, the sliding 
relay rebalancing contact 5 is moved progres 
Sively is a direction to decrease the current in the 
energization circuit of the relay polarization re 
balancing windings 36 extending from supply line 
L through conductor 5, sliding contact 5i, re 
sistor 52, conductor 26, differential windings 39, 
and conductor it to supply life L2, and thereby 
rebalance the polarization of the poles 2 and 3 
at a modulated equilibrium temperature of re 
sistor f3. When the motor 33 has thus operated 
the rebalancing resistor slider 5 to effect the re 
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8 
quired rebalancing of the polarization of the poles 
82 and 3, as determined by the adjustment of 
limit stop 2', so that the unbalanced magnetic 
biasing force no longer predominates over the 
Spring biasing force, then the force of the biasing 
spring 39 becomes effective to return the mag 
netic member 26 With a Snap action to its mid 
position to deenergize the reversing switch 49 and 
thereby deemergize the motor 43. As the mag 
netic nember 26 returns to its mid-position, the 
relative reluctances of the forked paths for the 
polarizing flux through poles 2 and 3 progres 
sively become rebalanced so that magnetic equi 
librium of member 26 is rapidly reestablished. 
During the entire operation of the damper to 

decrease the equilibrium temperature as just de 
scribed, the current passing through the control 
resistor & Was increased due to the aSSurned rise 
in the ternperature to which the resistor 4 WaS 
Subjected. Consequently, the heating effect of 
the increased current passing through the control 
resistor 4 also increases. This provides, in ef 
fect, an autoiiiatic electroresponsive amplifying 
control action since the increased heating effect 
Will cause the resistor 6 to be heated SonneWhat 
above the variable ambient, tenperature to which 
it is subjected and thereby gradually decrease its 
resistance independently of the ambient tempera 
ture changes. As a result, a control sensitizing 
action is automatically obtained that tends to in 
crease the sensitivity by accelerating the unbal 
ancing of the magnetic bias forces and thereby 
prevent undershooting of the modulated equilib 
rium temperature. 
In case the temperature of the control resistor 

4 should decrease from the modulated equilib 
rium value, then the energizing current of the 
differential windings 35 will decrease due to the 
increased resistance of the negative temperature 
coefficient resistor 43. In this case, the resulting 
unbalanced magnetomotive force due to polariz 
ing predominance of winding 36 and acting dif 
ferentially to shift the polarizing flux between 
the poles 2 and 3 is in the opposite direction 
from that, previously described and therefore 
tends to oppositely unbalance the polarization of 
the poles 2 and 3 so as to move magnetic mem 
ber 23 for its mid-position to engage contacts 
28, 28' with a snap action after a predetermined 
initial critical in ovement of the magnetic men 
ber 2 from its mid-position. Exactly the same 
magnetic amplification of the initiating control 
power occurs due to the polarizing flux shifting 
from pole 3 to pole 2 at a progressively increas 
ing rate as the movement of the magnetic men 
ber 29 from its mid-position progresses to the 
Critical Snap action position. 
The closure of relay contacts 28, 28' estab 

lishes an energizing circuit for the notor re 
versing Switch 48 extending from the supply line 
Li through conductor 7, the operating winding 
of reversing switch 48, conductor 89, limit switch 
53, conductor 8, relay contacts 28, 28 and con 
ductor 13 to the other supply line L2. When the 

5 contact 84 of the motor reversing Switch 48 
closes, the motor 43 is energized through its re 
versing field winding AS to effect a positioning 
operation of the damper 42 and the resistor slide 
contact 5 in the opposite direction. Conse 
quently, the Supply of heating medium affecting 
resistor will be increased while the energizing 
current of the calibrating magnetizing windings 
36 Will increase thereby again tending to rebal 
ance the polarization of the poles 2 and 3 at a 
reverSely modulated temperature of resistor 40, 
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When a sufficient rebalancing is obtained, as de 
termined by the adjustment of limit stop 28, 
the force of the resilient biasing spring 30 will 
predominate over the unbalanced magnetic bias 
ing force to effect a snap action return of the 
magnetic member 25 to its mid-position. 
During the entire temperature increasing 

damper operation just described, the decreased 
current passing through the control resistor 49 
provides an automatic sensitizing control effect 
that tends to lower the temperature of the con 
trol resistor relative to the ambient and thereby 
accelerate the unbalancing of the magnetic bias 
ing forces so as to avoid overshooting of the mod 
ulated equilibrium temperature. 
The several calibrating adjustments embodied 

in the improved electromagnetic directive relay 
structure enable the cumulative flux shifting 
magnetic biasing forces to be adjusted relative 
to the biasing force gradient of the spring 30 
either to produce the maximum sensitivity, the 
maximum Snap action, or the maximum stabil 
ity of the magnetic member 26 in its mid-posi 
tion as desired. The latter is of importance 
where the directive relay may be subject to ex 
Cessive vibration or Shock. Sonne Special condi 
tion of service may require adjustment of the 
Screw 32 so as to Spring bias the movable mag 
netic member to a predetermined one of its con 
tact making positions rather than the mid-posi 
tion as, for example, to provide a desired fail-safe 
protection. In such case, the resulting force 
gradient of Spring 30 will be displaced with re 
spect to the automatically amplified magnetic 
flux shifting biasing action but the relay will con 
tinue to operate with a snap action to each of 
its three control positions. However, under such 
a special condition the relative energization of 
the opposing differential windings 35 and 36 nec 
essarily will be proportioned so that when the 
member 26 is in the mid-position a magnetic force 
is available for balancing the displaced biasing 
force of the biasing spring 30. Also, in some spe 
cial case it may be desirable to eliminate the re 
silient biasing Spring 30 entirely thereby provid 
ing for Snap action operation of member 26 be 
tween only the two extreme control positions. In 
all cases the Sensitivity of the relay may be en 
hanced by the reduction of bearing friction on 
the movable magnetic member 26 obtained by 
substantially equalizing the magnetic pulls ex 
erted on the member by the opposite pole f4, and 
the two like poles 2 and 3. 
The automatic rebalancing temperature con 

trol system shown in Fig. 5 Operates to modulate 
the equilibrium temperature to which the nega 
tive temperature coefficient resistor 40 is respon 
sive. In such a temperature modulating system 
the directive relay 45 is balanced in its mid-posi 
tion at each of a series of different equilibrium 
temperature values so that the damper 42 is held 
in different positions intermediate the open and 
closed positions as the temperature to which the 
resistor 40 is responsive varies in steps over a, 
considerable range. In such a system the move 
ment of the rebalancing resistor sliding contact 
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5 along with the damper serves to recalibrate in 
steps the equilibrium temperature values of re 
sistor 40 at Which the directive relay 45 is bal 
anced in its mid-position. 
In the modification of the temperature control 

system of Fig. 5 shown in Fig. 6, the sliding con 
tact 5 of resistor 52 is entirely disconnected from 
the damper so as either to remain fixed or to be 
manually adjusted by the knob 8). With this 
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change the temperature responsive control sys 
tem of Fig. 5 then will provide a fixed or adjust 
able band type of temperature control such as in 
dicated diagrammatically in Fig. 7. The two 
horizontal straight lines A and B shown in Fig. 7 
represent the upper and lower limits of the tem 
perature control band. The upper limit A is the 
temperature value of resistor 4 at which the 
directive relay 45 will close its contacts 27, 27 to 
energize the motor reversing switch 49 through 
the circuit previously described to effect opera 
tion of the motor 43 to move the damper 42 to 
decrease the Supply of heating medium. The 
lower limit B is the temperature Value of resistor 
40 at which the directive control relay 45 closes 
its contacts 28, 28 to energize the motor re 
Versing Switch 48 through the circuit previously 
described so as to operate the damper 42 to in 
crease the Supply of heating medium. The two 
horizontal dotted lines A.", B' represent the tem 
perature Values of the resistor 49 between which 
the directive relay 45 will return to its mid-posi 
tion, the line A' indicating the temperature value 
following the closing of the relay contacts 21, 27', 
and the line B' indicating the temperature value 
following the closing of the relay contacts 28, 28. 
In operation the irregular line T represents a 

hypothetic variation of the control temperature 
to which the negative temperature coefficient 
control resistor 40 may be subjected. Thus, as 
shown, the initial control temperature T lies be 
tween the two temperature band limits A and 
B' and the directive relay 45 is therefore in its 
mid-position. So that the damper 42 is being 
maintained in some fixed position. If, due to 
external causes, the control temperature T should 
rapidly rise, as shown, then at the point C the 
directive relay 45 will close its contacts 28, 28 
and thereby operates the motor 43 to reposition 
the damper 42 so as to decrease the supply of 
heating medium. This causes first the levelling 
off of the control temperature T and then a 
reduction in the control temperature T until, 
at the point 0, the directive relay 45 returns to 
its mid-position thereby stopping operation of 
the motor 43. The control temperature T then 
may continue to fall within the limits of the 
band A'B' until point C is reached. Thereupon 
the directive relay 45 closes its contacts 27, 27' 
thus operating the motor 43 to reposition the 
damper 42 so as to increase the supply of heat 
ing medium and thereby effect an increase in 
the control temperature T. When the control 
temperature T reaches the point 0', the directive 
relay 45 returns to its mid-position so as to stop 
operation of the motor 43 and maintain the 
damper 42 in a fixed position. The modified 
control system will continue to vary the position. 
of the damper 42 in accordance With further 
variations in the control temperature T. Within 
the temperature band limits in the manner just 
described. 
In the band type of temperature control System 

just described, manual or other adjustment of 
the position of the sliding contact 5 of the con 
trol resistor 52 Will shift the limits AB and A'B', 
these limits being raised when the sliding Con 
tact 5 is moved in a counterclockwise direction 
so as to increase the energization of the Opposing 
differential windings 36 of the relay and de 
creased when contact 5 is moved in the Op 
posite direction. In this way movement of the 
sliding contact 5 serves to calibrate or adjust 
the operating temperature band limits of the 
System. 
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In the band type of temperature control it is 
desirable that the time lag of the temperature 
sensitive control element & C and of the temper 
ature changing means be relatively small So that 
overshooting and undershooting are reduced to 
a minimum, preferably being less than the time 
lag of the heating medium Supply. These con 
ditions are met when there is always available 
an adequate supply of heating medium to be 
controlled by the damper 42, and where the 
movement of the damper is effected gradually 
by the speed reducing gearing 45 so that there 
is an opportunity for the control resistOr GE to 
respond before the damper has been moved too 
far. 

It will be understood that either the modulat 
ing or the band type of temperature control Sys 
tems described above may be adapted for cool 
ing control service simply by reversing the field 
connections or the reversing control connections 
of motor 43. - 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
... An electromagnetic reversing control ap 

paratus including a reversely tilting magnetic 
member having reversing control means operated 
thereby and having an Off position between two 
reversing control positions, resilient means for 
biasing said member each Way to said off posi 
tion, a polarized magnetic structure having three 
poles straddling the axis of Said magnetic mem 
ber and having opposing differential Windings 
for shifting the polarizing flux thereof to mag 
netically bias said member selectively to said 
reversing control positions upon corresponding 
Variation in the relative energization of said 
windings, condition responsive means for control 
ling the energization of one of said windings, 
and means including a reversible motor operated 
under the control of Said reversing control means 
for controlling the energization of the other of 
said Windings. 

2. An electromagnetic reversing Control ap 
paratus including a reversely tilting magnetic 
member having a mid-control position between. 
tWO reversing control positions, resilient means 
for biasing said member each way to said mid 
position, a polarized magnetic structure having 
three poles straddling said magnetic member and 
having opposing differential windings for shift 
ing the flux thereof to magnetically bias Said 
member Selectively to said reversing Control posi 
tions upon corresponding variation in the rel 
ative energization of said Windings, a temperature 
responsive resistor connected in series circuit with 
One of Said Windings for directly regulating the 
energization thereof, an adjustable resistor con 
nected in Series circuit With the other of said 
Windings for directly regulating the energiza 
tion thereof, and reversible temperature regulat 
ing means operated under the control of said 
member. 3. An electromagnetic selective polarization 
control apparatus having in combination a Cen 
trally pivoted reversely tilting magnetic member 
having a mid control position between tWO Other 
control positions, resilient means biasing said 
member to Said mid control position, a magnetic 
structure having polarizing means for providing 
three poles disposed one adjacent each end of 
Said members and One adjacent the axis of said 
member and having opposing differential polari 
Zation control windings, each upon polarizing 
preponderance thereof selectively varying the 
relative polarization of said poles to magnetically 
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bias said member for snap action movement to a 
corresponding one of said other control positions, 
a condition responsive variable resistor energized 
in series with one of said Windings for reversely 
varying said polarizing preponderance of Said one 
winding, and electrical control means for varying 
the energization of the other of Said Windings to 
independently vary said polarizing predominance 
of said one winding. 

4. An electromagnetic selective biasing control 
apparatus having in combination a centrally piv 
oted reversely tilting magnetic member having 
an intermediate control position, resilient, means 
for biasing said member to said intern ediate posi 

5 tion, magnetic structure having polarizing means 
for providing a pair of poles each disposed ad 
jacent a corresponding end of said member and a 
third pole disposed adjacent the axis of said 
member and having opposed differential polariza 
tion control windings for varying the polarization 
of said poles to magnetically bias said member 
for Snap action movement reversely from said 
intermediate position, means for reversely vary 
ing the energization of one of said Windings Se 
lectively to reverse said Imagnetic bias of Said 
menaber, and means for varying the energization 
of the other of said Windings to neutralize Said 
magnetic bias of said member. 

5. In combination, a magnetic structure hav 
ing polarizing means for providing a pair of mag 
netically balanced poles in alinement and a third 
pole therebetween, a reversely tilting magnetic 
member centrally pivoted adjacent said third poie 
for balancing said member in magnetic equili 
brium only in a position in Symmetrical aline 
ment with Said balanced poles, resilient means for 
biasing Said member to Said position, Opposed 
differential polarization control Windings for va 
lying the polarization of Said poles to magnetical 
ly unbalance said member for snap action move 
rent each Way from Said position, means for 
reversely varying the energization of one of said 
Windings to reWei'Se Said magnetic unbalaicing of 
said hember, and means for varying the ener 

5. gization of the other of Said windings to mag 
netically balance said member. 

6. Ail electromagnetic control apparatus in 
cluding a magnetic structure having a pair of 
magnetically balanced poles in alignment, a co 

50 operating magnetic structure having a single pole 
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Symmetrically Offset between said pair of poles, 
a permanent magnet for oppositely polarizing 
Said magnetic structures and having means for 
providing an adjustaiole air gap to regulate the 
Inagnetic field between said poles, a centrally piv 
oted reversely tilting magnetic directive control 
nember having a mid control position between 
two other control positions and having an axis in 
the magnetic field between said poles for equal 
izing the polarized magnetic pulls thereon only 
With said member in said mid control position, 
adjustable resilient means for biasing said mem 
ber to a Selected one of said three control posi 
tions, and differential selective polarization con 
trol Windings for said pair of poles, each having 
an independently variable energization control 
means for varying the relative energization of 
Said windings to selectively vary said polarized 
magnetic pulls and thereby magnetically bias 
Said directive control member for snap action 
movement to and from each of the other of said 
control positions. 

7. An electromagnetic selective polarization 
control device having in combination a magnetic 
structure having polarizing means for providing 
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one pole between two spaced apart poles and hav 
ing a reversely tilting magnetic member centrally 
pivoted adjacent said one pole for equalizing the 
attraction of the other of said poles only in an 
intermediate position of said member, resilient 
means biasing said member to return to said posi 
tion upon tilting each way therefrom, and a pair 
of differential polarization control windings, each 
Oppositely interlinking said other poles for oppo 
sitely varying the polarization of said other poles 
and having a relative energization for nullifying 
each other to return Said member to said inter 
mediate position and each of said Windings hav 
ing an independently variable energization con 
trol means to magnetically bias said member for 
snap action tilting movement each Way from said 
position upon a corresponding increase and de 
crease in the relative energization of said Winding. 

8. A three-position Selective control apparatus 
including a three-pole magnetic structure having 
polarizing means for providing a pair of mag 
netically balanced poles in spaced apart alline 
ment and a central pole therebetween, a reversely 
tilting magnetic three-position selective control 
member having a central axis adjacent said cen 
trol pole and provided with resilient biasing 
means for Opposing the normal polarized attrac 
tion of said pair of poles to centrally position said 
member thereagainst, a pair of differential selec 
tive polarization control Windings for varying the 
polarization of each of said pair of poles into 
predominance over said resilient biasing means 
to tilt said member with a snap action from said 
central position, and independently variable re 
sistors each connected in series circuit with a cor 
responding one of said Windings for increasing 
and decreasing the energization thereof to sepa 
rately and reversely control the tilting of said di 
rective control member to and from Said central 
position. 

9. An electromagnetic control apparatus in 
cluding a magnetic structure having a pair of 
magnetically balanced poles in alignment, a co 
operating magnetic structure having a single pole 
centrally offset from said pair of poles, a perma 
nent magnet for oppositely polarizing said mag 
netic structures and having means including an 
adjustable air gap for adjusting the polarization 
thereof, a statically balanced tilting armature 
having an axis between said poles for balancing 
the polarized magnetic pulls of said like poles 
on said armature only in a predetermined posi 
tion thereof, adjustable resilient means for bias 
ing said armature to said position, adjustable stop 
means for limiting the tilting of said armature, 
and a pair of counteracting electromagnetic 
polarizing means, each differentially polarizing 
said pair of like poles to control the tilting of Said 
armature selectively each Way from said balanced 
position thereof upon opposite variation in the 
polarizing predominance of Said means. 

10. An electromagnetic control apparatus in 
cluding a polarized three-pole magnetic structure 
having a pair of magnetically balanced like poles 
in alignment and a single Opposite pole in central 
offset relation therewith, a statically balanced 
tilting magnetic member having control means 
operated thereby and having an axis between said 
poles for balancing the polarized magnetic pulls 
of Said like poles on said member only in a pre 
determined position thereof, adjustable stop 
means for limiting the tilting of said member, and 
a pair of counteracting separately variable elec 
tromagnetic polarizing means, each differentially 
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magnetizing said pair of like poles to control the 
tilting of said member. 

11. An electromagnetic control apparatus in 
cluding a magnetic structure having polarizing 
neans for providing a pair of magnetically ball 
anced like poles in parallel alignment and a single 
opposite pole offset centrally therefrom, a cen 
trally pivoted reversely tilting magnetic member 
having directive control means operated thereby 
and having an axis centric in the space between 
said poles for balancing the magnetic pulls of said 
pair of like poles on said member only upon a 
predetermined alignment thereof with said pair 
of like poles, double opposing differential mag 
netizing windings for said pair of like poles, and 
independently variable means for controlling the 
relative energization of each of said windings to 
Inagnetically unbalance and balance said mem 
ber. 

12. An electromagnetic control apparatus in 
cluding a centrally pivoted reversely tilting mag 
Inetic member having a mid control position be 
tWeen two other control positions, a resilient bias 
ing element for biasing said member each way 
to Said mid-position, and a polarized three-pole 
Variable magnetic biasing structure having op 
posing differential magnetizing windings, each 
Oppositely varying the polarization of a pair of 
poles thereof for Selectively opposing said resili 
ent biasing element to effect snap action oper 
ation of said member to each of said other control 
positions upon a corresponding increase and de 
crease in the relative energization of said wind 
lig. 

13. In combination, a centrally pivoted reverse 
ly tilting magnetic member having an off posi 
tion between two reversing control positions, re 
silient means for biasing said member to return 
to Said off position upon tilting each way there 
from, Snap action magnetic biasing means for re 
versely opposing said resilient biasing means in 
cluding a three-pole magnetic structure having 
polarizing means for providing a pair of mag 
netically balanced poles each substantially equal 
ly adjacent a corresponding end of said member 
in said off position and an intermediate pole ad 
jacent the center of said member for magnetical 
ly biasing said member for snap action move 
filent to each of Said other control positions upon 
a predetermined unbalancing of said magnetical 
ly balanced poles and having opposing polariza 
tion control Windings for differentially unbalanc 
ing Said pair of magnetically balanced poles, con 
.dition responsive electric control means for re 
Versely varying the energization of one of said 
Windings to effect Snap action movement of said 
member to each of said reversing control posi 
tions, and means including a reversible motor op 
erated under the control of said magnetic mem 
ber for controlling the relative energization of 
the other of Said Windings to rebalance said mag 
netically balanced poles and thereby effect the 
return of Said member to said off position. 

14. An electromagnetic control apparatus in 
cluding a polarized magnetic structure having a 
pair of magnetically balanced like poles and an 
Opposite pole in Symmetrically offset relation, a 
tilting magnetic member having an axis sym 
metrical in the space between said poles for op 
positely shifting the polarizing flux between said 
like poles at a progressively variable rate upon 
opposite tilting of said member from a predeter 
mined mid-position, and a pair of counteracting 
separately variable electromagnetic polarizing 
means, each for selectively shifting the polarizing 
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flux between said pair of like: poles to effect said 
tilting of said member upon opposite Variation of 
the polarizing predominance thereof. 

15. An electromagnetic control apparatus in 
cluding a polarized magnetic structure having a 
pair of Inagnetically balanced like poles and an 
opposite offset pole for providing an acute fork in 
the polarized flux path therebetween, a tilting 
Inagnetic member having a central axis at Said 
acute fork for oppositely shifting the polarizing 
flux between said like poles at a progressively var 
iable rate upon opposite tilting of said member 
from a predetermined position, and a pair of 
counteracting separately variable electromagnetic 
polarizing means, each for selectively shifting the 
polarizing flux between said pair of like poles to 
effect said tilting of said member upon opposite 
variation of the polarizing predominance thereof. 

16. In combination, a centrally pivoted reverse 
ly tilting magnetic control member having three 
control positions, resilient means for biasing said 
member to an intermediate one of said positions, 
a three-pole magnetic biasing means having po 
larizing means for providing a pole adjacent each 
end of said magnetic member and an interme 
diate pole adjacent the center of said member 
and having differential windings for differential 
ly magnetizing said poles to magnetically bias 
said member for Snap action tilting movement 
each way from said intermediate position, a tem 
perature responsive variable resistor connected 
in series with one of said windings and jointly re 
sponsive to variations of a predetermined temper 
ature condition and variations in the heating ef 
fect of the energizing current of said one Wind 
ing for controlling said magnetic biasing of said 
member, and means controlling the energization 
of the other of said Windings for independently 
varying said magnetic biasing of Said member. 

17. In combination, a centrally pivoted reverse 
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ly tilting magnetic control member having resili 
ent means biasing said inember to a mid position, 
a magnetic biasing means having polarizing 
means for providing three poles disposed respec 
tively one adjacent each end of Said member and 
one adjacent the center thereof and having dif 
ferential windings for differentially magnetizing 
said poles to magnetically bias said member for 
Snap action tilting each Way from said mid posi 
tion, a negative temperature coefficient resistor 
connected in series circuit with one of said Wind 
ings for regulating the energization thereof to 
control said tilting of said member jointly in re 
sponse to variations in a predetermined tem 
perature condition and to variations in the heat 
ing effect of the energizing current of said Wind 
ing, a separate adjustable resistor connected in 
series circuit with the other of said windings for 
regulating the relative energization thereof to 
separately control said tilting of said member, 
and means Operated under the control of said 
in ember for adjusting Said resistor. 

18. In combination, a three-pole magnetic 
structure having polarizing means for providing 
a centrally pivoted reversely tilting magnetic 
member biased to a mid position and having flux 
shifting differential windings for reversely tilting 
said member with a snap action to and from said 
position, a temperature responsive resistor having 
a negative coefficient of resistance connected in 
Series circuit, with one of said WindingS for vary 
ing the relative energization thereof to control 
said tilting of said member responsively to vari 
ations in the resistance of said resistor betWeen 
the limits of a predetermined range, and means 
including an adjustable energization controlling 
resistor connected in Series circuit With the other 
of said windings to shift Said range. 

CHESTER, I. HALL. 


