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The present invention relates to current re 
Sponsive devices and more particularly to cur 
rent responsive devices of the moving iron or 
balanced armature type. 

It is an object of my invention to provide a 
new and improved torque producing element of 
the balanced armature or moving iron type. 

It is another object of my invention to pro 
vide a new and improved galvanometer of the 
balanced armature type in which the angular 
range of movement of the armature is greatly 
increased over that obtainable with conventional 
devices of this general character. 

It is another object of my invention to pro 
wide an improved torque producing element of 
the movable iron type in which the stability 
and sensitivity characteristics of the movable 
armature in response to current variations are 
greatly improved and which gives a quick direc 
tional response to succeeding impulses of diff 
erent polarities. 
Other objects and advantages of my invention 

Will become apparent as the description pro 
ceeds. 
The foregoing advantages are achieved by the 

employment of pole pieces and a movable arma 
tlire of special construction. The stability and 
Sensitivity characteristics of the device are im 
proved still further by providing non-magnetic 
Spacer elements between the flux producing ele 
ment, such as the permanent magnet and the 
pole pieces which cooperate with the movable 
arnature. 
The features of the invention which are be 

lieved to be novel and patentable are set forth 
with particularity in the appended claims. My 
invention, itself, however, both as to its or 
ganization and method of operation together 
With further objects and advantages thereof may 
best be understood by reference to the follow 
ing description taken in connection with the 
accompanying drawing in which Fig. 1 is a plan 
View of a torque producing element in the form 
of a galvanometer constructed in accordance 
with my invention; Fig. 2 is a side elevation view 
of the arrangement shown in Fig. 1: Fig. 3 is 
a partial sectional view taken along the line 
3-3 of Fig. 2 and showing the construction of 
the nowable armature and the cooperating pole 
pieces of the instrument; Fig. 4 is a view, partly 
in Section, taken along the line 4-4 of Fig. 3 
showing further details of the movable arma 
ture and the pole pieces which are arranged 
in accordance with my invention; Fig. 5 is an 
exploded perspective view of the armature and 
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a pair of pole pieces embodying my invention; 
and Fig. 6 is an enlarged view of the armature 
and pole tip portion of Fig. 4. 
In order to illustrate the principles of my in 

vention I have shown a current responsive device 
or a torque producing element of the balanced 
armature type employed as a galvanometer. Re 
ferring to the drawing, the galvanometer in 
cludes a pair of substantially U-shaped magnetic 
pole piece parts fo and with the leg portions 
extending toward each other to form a pair of 
Spaced air gaps. The part () comprises a Web 
portion f2 and legs 3 and f4. Similarly, the 
part i? comprises a web portion 5 and legs f6 
and 7. A portion of each of the legs or pole 
pieces 3 and 4 and 6, 7 is cut away to pro 
vide a flat thin portion 8 having a face 9 ly 
ing in a horizontal plane and having an arcuate 
inner edge 20. The polar surface 9 tapers in 
width toward the tip portion which is adjacent 
the air gap or toward the pole piece of oppo 
site polarity with which it cooperates to form 
an air gap. The arcuate edges 20 of the pole 
pieces which face the axis of the movable ele 
ment each lie on arcs described from a common 
radius or which lie on the same circle. 

Positioned in overlapping relation between the 
surface 9 of the leg 3 and the corresponding 
parallel surface 9 of the leg f 5 is the end por 
tion 2 of a magnetic Vane-type armature 22. 
This end portion which is relatively thin with 
a comparatively large surface area, on opposite 
sides is substantially in the form of a sector in 
that it is bounded by an arc or arcuate portion 

Similarly, be 
tween the corresponding parallel surfaces 9 of 
the legs 4 and f is positioned the opposite and 
similarly shaped end portion 25 of the armature 
2. The armature 22 also includes an inter 
mediate bar-shaped portion 26 which joins the 
thin end portions 2 and 25 through tapered 
sections 27 and 28, respectively. So far as the 
cross-sectional area of the various sections of 
the armature is concerned, it is largely a mat 
ter of maintaining the proper flux density. It 
Will be appreciated that there will be leakage 
flux passing through the intermediate portion 26 
Which does not pass through the tip portions. 
It Will be appreciated also that an increase in 
the Cross-sectional area in the end portions 2 
and 25 increases the inertia and thus lowers 
the mechanical efficiency. In view of these con 
siderations and to the end of securing better 
nechanical operation it may be expedient to ef 
fect a compromise by constructing the extreme 
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tip portions of the armature so that they may 
even operate at a slightly higher flux density than 
the intermediate Sections. 
The armature 22 is fixed on a vertical shaft 

or Spindle 29 Which extends through the geo 
metric center of the armature and at right an 
gles to the plane of rotary movement thereof. 
The shaft 29 is pivotally mounted for rotation 
by means of upper and lower bearings 30 and 
3, respectively, mounted in any suitable man 
ner Such as to a frame 32. To the shaft 29 is 
secured a pointer 33 which moves in front of a 
Suitable Scale 34 for visual indication, There is 
also provided a pen 35 which cooperates with a 
moving chart 36 driven by a suitable constant 
Speed or clockwork mechanism for providing a 
continuous record of the deflections of the mov 
able element. It will be appreciated that if de 
sired and Within my invention the indicating 
and recording device comprising the pen and 
pointer may be dispensed with for certain appli 
cations in which case I may provide a mirror 
on the shaft 29 and employ a light-ray system, 
as ShoWn in my prior United States Patent 
2,127,427, August 16, 1937, for providing an in 
dication or for adapting the torque producing 
element for use as a control device. A spirally 
arranged biasing Spring 37, one end of which is 
Secured to the Shaft 29 and the other end of 
which is fixed to a member 38 adjustable with 
respect to the frame 32, provides means for fix 
ing the Zero or neutral position of the movable 
element. 
In order to provide a unidirectional magneto 

motive force between the respective pole pieces 
comprising the parts 0 and , I preferably em 
ploy a pair of similar permanent magnets 39 
positioned on opposite sides of the instrument. 
Each of the permanent magnets 39 is arranged 
between projecting portions 40 of the webs 2 
and 5. In order to improve still further the 
Stability characteristic of the instrument over 
that obtainable by the use of an armature and 
pole pieces of the foregoing construction, I prefer 
to employ non-magnetic spacer elements 4 and 
42 between each of the permanent magnets 39 
and its respective cooperating pole piece parts 
40. With an arrangement of this character, 
Which is described and claimed in my prior 
patent previously referred to, there is a negligible 
change in the flux density across the armature 
air gap when the armature moves from the neu 
tral to an extreme position, the relation between 
Sensitivity and stability is improved, and the 
deflection of the armature is made more nearly 
proportional to the excitation current in the 
Windings 43 and 44, presently to be described. 
The magnetic structure including the parts 0 
and , and the two permanent magnets 39 are 
illustrated as supported from the framework 32. 

I wish to point out that my invention is not 
limited to an arrangement in which two perma 
nent magnets are arranged on opposite sides of 
the instrument for producing a unidirectial flux 
in the pole piece parts 0 and . Where de 
Sired, a single magnet may be employed. It may 
furthermore be one of Substantially horse-shoe 
shape and joined to the Web portions f2 and 5 
With or without the employment of non-magnetic 
spacer elements 4 and 42. It will also be ap 
preciated that this unidirectional flux may be 
produced by forming the elements 39 of rela 
tively high permeability magnetic material with 
a current conducting coil wound thereabout to 
provide the magnetomotive force, However, for 
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2,275,868 
the Sake of convenience, simplicity, and com 
pactness I prefer to employ permanent magnets. 
While I do not limit my invention to the use of a 
particular material, the magnets 39 are prefer 
ably composed of some high grade permanent 
magnet material having a relatively high co 
ercive force as compared to chrome steel for the 
Sake of compactness and in order that a high 
degree of magnetization may be maintained for 
an almost indefinite period of time. Examples 
of materials which may be used with highly satis 
factory results are cobalt steel or an alloy com 
prising aluminum, nickel, and iron as the basic 
or essential ingredients such as described in the 
Ruder Patents 1,947,274 and 1,968,569. The pole 
piece parts to and f f are preferably composed 
of a relatively high permeability, low coercive 
force, magnetic material such as soft iron or a 
nickel-iron alloy of the character described in 
the Elmen Patent 1,586,884. The framework 32 
is preferably composed of some suitable non 
magnetic material such as brass. 
An exciting winding comprising two coils 43 

and 44 is positioned over the bar-shaped portion 
26 of the armature 22 with the coils arranged 
On opposite sides of the vertical shaft 29. These 
coils may be connected in series or parallel cir 
cuit relation and they will be excited by the 
Current to which the device is to respond. The 
excitation current in the windings 43 and 44 
tends to polarize the magnetic armature 22 in 
the direction of its major length. As will be ob 
Served, the armature passes through an opening 
45 which is formed in each of the coils 43 and 
44. These openings are made of sufficient size 
to permit freedom of angular movement of the 
arnature. 
To obtain a better understanding of the oper 

ation of my invention let it be assumed that the 
permanent magnets are magnetized as indicated 
by the designations 'N' and “S'. As a result, 
the polar surfaces 9 of the legs 3 and 4 will 
be of north polarity and the corresponding polar 
Surfaces of the legs 6 and 7 will be of south 
polarity. It will be appreciated that as the 
arnature 22 rotates from its neutral position, as 
shown in Fig. 3, in a given direction, for ex 
ample to left, it reduces the reluctance with 
respect to poles 3 and fl, and increases the re 
luctance with respect to poles 4 and 6. Refer 
ring to Fig. 3, if now it be assumed that the 
Current flowing in the coils or windings 43 and 
44 is such, for example, as to polarize the arma 
ture 22 to produce a north pole at the end adja 
cent the poles 3 and 6 and a south pole at the 
other end, as indicated in the drawing, the arma 
ture 22 will tend to rotate clockwise because of 
the attractive force exerted between the arma 
ture and the poles 4 and 6 and the force of 
repulsion exerted between the armature and the 
poles 3 and fl. A reversal of the current in 
the windings 43 and 44 will polarize the arma 
ture in the opposite direction and thus cause it to 
rotate in the counterclockwise direction. 

I wish to direct particular attention to the 
shape of the armature end portions and the pole 
pieces with which they cooperate. By off-setting 
in different parallel planes the polar surfaces 
9 of the poles 3 and 6 at one end of the arma 

ture and the polar surfaces 9 of the poles 4 and 
f7 at the Opposite end of the armature, and by 
constructing the armature end portions 2 and 
25 as described so that each moves in an air 
gap defined by two of these polar surfaces and 
in a plane which lies intermediate and substan 
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tially parallel to the planes of the surfaces 9, a 
Wide range of angular movement of the arma 
ture is made possible. The armature being lo 
cated in the air gap where the main flux must 
cross, it tends to lower the reluctance of this 
flux path and is nost effectively positioned for 
producing torque. By tapering the width of the 
poiar surfaces 9, which results in a correspond 
ing reduction in the cross-sectional area of the 
pole piece portions f, the portions of the poles 
positioned intermediate the thick sections and 
the tips adjacent the air gap, and which must 
carry all of the flux crossing the air gap, do not 
become saturated. The importance of this fea 
ture Will be further appreciated when it is real 
ized that this flux increases as the reluctance in 
its path decreases due to the movement of the 
arnature toward it. 

Referring to Fig. 3 assume that a piane per 
pendicular to the plane of the paper and includ 
ing the axis of the shaft 29 is passed through the 
al’Inature 22 along its longitudinal dimension. It 
is preferred to have the tips of the thin portions 
A cf the pole pieces just meet this plane or be 
Spaced back from it slightly rather than to have 
them pass through the plane to such an extent 
that they will overlap each other. In order 
WGirds, I prefer that these tips be positioned 
On approximately the same diametrical line. 
They are illustrated as displaced slightly from 
20h a position in order to clarify the drawing. 

With Such an arrangement there occurs an ap 
preciable change in reluctance between each pole 
and the armature as the latter moves toward or 
from a given pole. 
Due to the foregoing construction as described, 

including the manner in which each of the ar 
nature end portions overlaps the pole pieces with 
which it cooperates, as the armature is rotated 
from the balanced condition or the neutral posi 
tion there is a smooth reduction of reluctance 
With respect to each of the poles that is being 
approached and a Snooth increase or reluctance 
With respect to each of the other poles as the 
armature recedes from them. Consequently, the 
movement takes place Smoothly and with sta, 
bility. 
With the foregoing arrangement it may be seen 

that there is no change of flux necessary in the 
permanent magnet elements 39 as the armature 
13.0VeS from its neutral position since all flux 
Variations take place in the soft iron or other 
relatively high permeability material which is 
accompanied by low losses. By employing a mag 
netic material having a relatively high permea 
bility in the construction of the pole piece parts 

and , the efficiency of the instrument is 
thus improved. A high flux density is obtained 
at the Working air gaps through which the arma 
ture moves and, at the same time, the permanent 
magnet is Operated at its most efficient flux den 
sity; in other words, the flux may be concern 
trated in the working air gaps without affecting 
the flux density in the magnet. For example, if 
the arnature is polarized, as shown, the flux is 
increased in the legs f6 and 4 and decreased 
in the legs 3 and 7 but the total flux emanat 
ing from the permanent magnets remains sub 
stantially constant. 
By virtue of the arrangement of the arnature 

and the pole pieces, the armature is adapted for 
a, considerably greater range of angular move 
ment Winich hertofore has been a serious limita 
tion to the use of such instruments. While it 
night be possible to secure an increase in the 
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angular range of movement of the armature in 
conventional devices by providing a wider separa 
tion of the pole pieces, such a procedure would 
Seriously reduce the air gap flux density and, in 
consequence thereof, would greatly impair the 
efficiency of the instrument. With the special 
shapes of the pole pieces and the armature pro 
Wided by the present invention, large angles of 
rotation may be secured and at the same time 
Satisfactory air gap fiuX densities are obtained 
with reasonable magnet structures. The arrange 
ment of the substantially sector-shaped end por 
tions of the armature each of Which cooperates 
On One side with a pole face of one polarity and 
On the opposite side with a pole face of the op 
posite polarity provides a good path for the flux 
paSSing from the armature to either of the poles. 
In torque producing elements wherein the coils 

of Wire move in a magnetic field, the torque for 
a given power input to the coil may be shown 
to be proportional to the square root of the mass 
of the coil. Likewise, with some assumptions re 
garding constancy of the flux it may be shown 
that the torque of an armature type device also 
varies as the square root of the coil mass. These 
torque equations may be compared for equal fiux 
densities in the effective air gap ratio. Thus, 
for the same air gap flux density, considerably 
higher torque may be secured with the balanced 
arnature magnetic type torque producing ele 
ment because of the ability to use considerably 
In Ore conductor naSS. 
The apparatus of my invention may be found 

particularly useful in those instances where high 
torque is desired for operating recording ele 
ments. An example of Such an application may 
be found by reference to the United States Let 
ters Patent No. 1897,850 to Cramer W. La Pierre, 
assigned to the assignee of the present invention. 
By means of my invention, the range of move 
ment of the armature is greatly increased over 
that obtainable with prior arrangements, the 
device is highly sensitive, and stability of move 
ment is also present, 
In accordance with the provisions of the patent 

Statutes, I have described the principle of opera 
tion of my invention together with the apparatus 
Which I now consider to represent the best em 
bodiment thereof but I desire to have it under 
stood that the apparatus shown is only illustra 
tive and that the inventicin may be carried out by 
Other means. 
What I claim as new and desire to secure by 

Tetters Patent of the United States is: 
1. In an electromagnetic current responsive de 

Vice, a magnetic circuit comprising flux produc 
ing means and having polar extensions forming 
a pair of Spaced north poles and a pair of spaced 
South poles, one of said north poles being ar 
ranged with its polar surface in opposed off-set 
parallel relation to the polar surface of one of 
Said South poles to form an air gap and the other 
in Orth pole being arranged with its polar surface 
in Opposed off-set parallel relation to the polar 
Surface of the other south pole to form a second 
air gap, a magnetic armature having one end 
positioned in one of said air gaps intermediate 
the polar surfaces of one pair of unlike poles 
and having the other end positioned in the other 
air gap internediate the polar surfaces of the 
other pair of unlike poles, means for mounting 
Said armature substantially at its geometrical 
Center for rotation in a plane between and sub 
stantially parallel to said polar surfaces, and 
means for exciting said armature, 



2. In a current responsive device of the bal 
anced armature type, a magnetic circuit Com 
prising a permanent magnet, a pair of Spaced 
north poles composed of relatively high perme 
ability magnetic material and joined to each 
other by means of an element of similar material 
and a pair of Spaced and similarly arranged South 
poles composed of the same material, one of Said 
north poles being arranged with its polar Sur 
face in opposed off-set parallel relation to the 
polar Surface of one of Said South poles to form 
an air gap and the other north pole being ar 
ranged with its polar surface in opposed off-set 
parallel relation to the polar Surface of the other 
south pole to form a second air gap, a magnetic 
armature having one of its end portions posi 
tioned in one of said air gaps intermediate and 
in overlapping relation. With the polar Surfaces 
of one pair of unlike poles and having the other 
end portion positioned in the other of Said air 
gaps intermediate and in overlapping relation 
with the polar surfaces of the other pair of un 
like poles, means for pivotally mounting said 
armature substantially at its geometrical center 
for rotation in a plane between and substantially 
parallel to said polar surfaces, means for exciting 
said armature, and means operable in accordance 
With the rotary movement of said armature. 

3. In a current responsive device of the bal 
anced arnature type, a magnetic circuit con 
prising a permanent magnet, a pair of Spaced 
north poles composed of relatively high permea 
bility magnetic material and joined to each other 
by means of a relatively high permeability mag 
netic material and a pair of Spaced and Similarly 
arranged South poles, one of Said north poles be 
ing arranged with its polar surface in opposed 
off-set parallel relation to the polar surface of 
One of Said South poles to form an air gap and 
the other north pole being arranged with its 
polar Surface in opposed off-set parallel relation 
to the polar surface of the other South pole to 
form a Second air gap, a magnetic arnature com 
prising a Substantially bar-shaped central por 
tion and relatively thin Substantially Sector 
shaped end portions, said arnature being ar 
ranged with one of its end portions positioned in 
one of Said air gaps intermediate and in over 
lapping relation with the polar surfaces of one 
pair of unlike poles and with the other end por 
tion positioned in the other of Said air gaps inter 
mediate and in overlapping relation with the 
polar surfaces of the other pair of unlike poles, 
means for mounting said armature for rotation 
about an axis passing through the geometrical 
center of said bar-shaped portion whereby said 
armature is adapted to rotate in a plane between 
and Substantially parallel to said polar surfaces, 
a stationary current conducting Winding posi 
tioned about Said arnature for polarizing Said 
armature along its longitudinal dimension in a 
direction and to a degree of magnetization deter 
mined by an electrical quantity to be measured, 
and means responsive to the movement of Said 
arnature for indicating the magnitude and di 
rection of said electrical quantity. 

4. A galvanometer comprising a magnetic cir 
cuit excited by a permanent magnet and having 
pole pieces positioned in off-set parallel planes 
defining an air gap, a magnetic vane armature, 
said armature being pivotally mounted for move 
ment in a plane between and substantially paral 
lel to the polar surfaces of said pole pieces, means 
for resiliently biasing said armature to a neu 
tral position of maximum reluctance in the flux 
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path across said air gap, an exciting winding 
which when energized polarizes said arnature 
causing it to turn against its bias to a lower re 
luctance position with respect to one pole piece 
and a higher reluctance position. With respect to 
the other pole piece, and means for indicating 
the movement of said armature as a function of 
the extent and direction of energization of said 
exciting Winding. 

5. A galvanometer comprising pole pieces com 
posed of relatively high permeability magnetic 
material and separated in off-set parallel rela 
tion to form an air gap, a permanent magnet for 
producing a unidirectional flux between said pole 
pieces across said gap, a magnetic vane arma 
ture having a relatively thin and substantially 
Sector-shaped end portion, means for pivotally 
mounting Said armature for movement of said 
Sector-shaped end portion in said air gap and in 
a plane between and Substantially parallel to 
the polar surfaces of said pole pieces, means 
for biasing said armature to a neutral position 
Of maximum reluctance With respect to the per 
manent magnet flux crossing Said air gap, said 
armature being movable in opposite directions 
from Such position to lower reluctance positions, 
an exciting winding which when energized polar 
izes Said armature causing it to turn from its 
neutral position to intercept Some of the perma 
nent magnet flux croSSing said gap, and means 
for measuring the extent of movement of said 
arnature in eithel direction. 

6. In a current responsive device of the bal 
anced armature type, two pairs of pole pieces, 

, the pole pieces of each pair being of unlike po 
larity, one pole piece of each pair being spaced 
and off-set from a pole piece of Opposite polarity 
of the other pair thereby forming a pair of spaced 
arnature air gaps, a permanent magnet asso 
ciated with said pole pieces in a magnetic circuit 
for producing a unidirectional flux across said 
air gaps, a magnetic Vane armature having end 
portions adapted to operate in Said gaps, means 
for pivotally mounting said armature at a posi 
tion intermediate said gaps. So that one of the 
end portions of said armature moves in one of 
Said gaps and the other end portion moves in the 
other of Said gaps, said movement taking place 
Smoothly and in a plane between and substantial 
ly parallel to the polar surfaces of said pole 
pieces, resilient means for biasing said arnature 
to a neutral maximum reluctance position with 
respect to the flux crossing said air gaps but per 
mitting the armature to turn in either direction 
from Such position to lower reluctance positions 
With respect to one north pole and one south 
pole and to higher reluctance positions with re 
Spect to the other north pole and the other South 
pole, a current conducting winding which when 
energized polarizes said arnature to cause it to 
deflect from Said neutral position, and means 
for indicating the extent of said deflection. 

7. In a current responsive device, a magnetic 
circuit comprising flux producing means and inav 
ing polar extensions forming a pair of spaced 
north poles and a pair of Spaced South poles, 
one of Said north poles being arranged With itS 
polar surface in opposed off-set parallel rela 
tion to the polar surface of one of said south 
poles to form an air gap and the other in Orth 
poie being arranged with its polar surface in op 
posed off-set parallel relation to the polar surface 
of the other South pole to form a Second air gap, 
each of said polar extensions being tapered in 
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cross sectional area in the direction of the re 
spective polar surface of opposite polarity with 
Which it cooperates to form an air gap, an arma 
ture composed of magnetic material and having 
substantially sector-shaped end portions, means 
for mounting said amature for rotary movement 
in a plane between and substantially parallel 
to said polar surfaces and in such a manner that 
one of said end portions moves in one of said 
air gaps and the other of said end portions moves 
in the other of said air gaps, the surface of said 
polar extensions facing the rotary axis of said 
arnature being arcuate in shape and spaced equi 
distantly from said axis, means for biasing said 
armature to a neutral position, means for polariz 
ing said armature to a degree of magnetization 
and in a direction determined by variations in an 
electrical quantity to Which the device is to re 
spond, and means responsive to the movement 
of said armature. 

8. In an electromagnetic current responsive 
device of the balanced armature type, a magnetic 
circuit comprising a permanent magnet and two 
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pairs of pole pieces of unlike polarity, Said pole 
pieces being composed of relatively high permea 
bility magnetic material and the pole pieces of 
like polarity being joined to each other through 
a member of magnetic material, the pole pieces 
of one pair extending towards the pole pieces of 
the other pair in off-set relation to form a pair 
of air gaps Spaced from each other, an arra 
ture having relatively thin arcuate end portions, 
means for mounting said armature with its end 
portions extending into the Spaced air gaps for 
rotation in a plane between and Substantially 
parallel to the polar surfaces of said pole pieces, 
means for creating variable magnetic lines of 
force at said poles to cause the armature to move 
between the same, said pole pieces being shaped 
to cooperate with the end portions of said arma 
tuie in such a manner that as the armature 
moves in a given direction it reduces Smoothly 
the reluctance With respect to one set of poles 
and increases Smoothly the reluctance With re 
spect to another set of poles. 

MARVEL W. SCHELDORF. 


