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My invention relates to electrical instru-
ments and in particular to instruments of the
ratio measuring type. The principal object
of my invention is to provide a compact sen-
sitive instrument having a long scale range.
Other objects will become apparent as the de-
seription proceeds. )

In accordance with my invention I obtain
a scale range greater than that obtainable
from crossed coil -ratio instruments of the
ordinary type by providing two eccentrically
mounted coils coacting with magnetic fields
set up between pole pieces made substan-
tially annular in shape to permit a wide
angle of deflection. The torque acting up-
on one coil is made to increase with the
deflection while the opposing torque acting
upon the other coil is made to decrease as in
ratio instruments heretofore used. The fea-
tures of my invention which I believe to be
novel and patentable will be pointed out in
the claims appended hereto.

To afford a more complete understanding
of my invention reference is made in the fol-
lowing description to the ‘accompanying
drawing in which Fig. 1 is a face view of one
of - the magnetic field producing elements
showing its relation with the c¢urrent con-
ducting coils; Fig. 2 represents partly in
cross-section an embodiment of my inven-
tion in which the flux density is made to vary
from one portion of the air gap to another
by tapering the air gap; Fig. 38 is a rear view
of the other magnetic field producing element
of the device of Figs. 1 and 2; Fig. 4 rep-
resents the moving element of the instrument
shown in Fig. 1; Fig. 5 represents a modi-
fication in which variation in flux density is

‘produced by changing the magnetomotive

force across the gap from one end of the air
gap to the other; Figs. 6 and 7 are a sectional
view and a view of the opposite side of the
embodiment shown in Fig. 5; Figs. 8 and 9
are plan and sectional views of an arrange-
ment in which the current conducting coils
are mounted directly opposite each other on
the shaft; Figs. 10 and 11 represent a modi-
fication in which the torque acting upon each
coil varies with the deflection as a result of

the eccentric mounting of the pivot with re-
spect to the pole pieces.

In accordance with one embodiment of my
invention I provide a pair of -field produc-
ing elements shown in ﬁigs. 1 and 3, respec-
tively. The front field element consists of
a ring-shaped. permanent magnet composed
of segments 11 and 12 forming parallel mag-
netic circuits and having one pole piece with
a C-shaped or open annular portion 18 and
another pole piece with a closed annular
portion 14. The pole piece 14 is split into
two parts 15 and 16 to facilitate the assembly

_of the instrument with a current conducting

coil 17 surrounding a portion of the annular

56

pole piece 14. The coil 17 and the annulus 14

may be said to be linked mechanically but
the flux flows radially between the pole pieces
13 and 14 rather than axially through the coil
17. The rear field producing element con-
sists of the permanent magnet segments 18
and 19, the C-shaped pole piece 20, and the
annular pole piece 21. .

Although the two field producing elements
are similar the relative positions of the C-
shaped portions 13 and 20, and the closed an-
nular portions 14 and 21 are interchanged.
The field elements are sufficiently spaced from
each other to minimize the magnetic flux
flowing from one to the other by any suitable
means such as a ring 22, preferably of non-
magnetic material. A second current con-
ducting coil 23 surrounds a portion of the
annular pole piece 21 and is connected to act
in opposition to coil 17. The coils 17 and
23 are eccentrically mounted on the shaft 24
of the moving element, angularly displaced
180 degrees and axially displaced a sufficient
amount to permit one coil to coact with an-
nular pole piece 14 and the other to coact with
the annular pole piece 21. The shaft 24 also
carries an indicating pointer 25. o

An air gap is formed between pole pieces
13 and 14 which decreases from a maximum
length at portion 26 to a minimum at por-
tion 27. A similar tapered air gap is also
formed between pole pieces 20 and 21 de-
creasing in length from the portion 28 to the
portion 29. The spacing of the pole pieces
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tion of its air gap having the greatest length
the coil 23 will be in the portion of its air gap
having the least length and vice versa. Since
the magnetomotive forces acting across the
air gaps are substantially constant, but the
reluctances across the air gaps vary from one
portion to another the {lux density in the air
gap will vary. Consequently, the torques
acting upon the two coils for given currents
merease progressively for one coil and de-
crease progressively {or the other coil as the
moving element deflects until a position ot
balance is found at which the two torques are
equal and opposite. The position of the
pointer 25 then indicates the ratio of the
currents flowing in the coils 17 and 23 in a
manner well understood to those skilled in
the art. It will be scen that in this form of
my deviee a scale range of over 270 degrees
is obtainable. Obviously the necessity for
supporting the pole pieces 14 and 21 some-
where along their annular periphery pre-
cludes permutting the coils 17 and 23 to make
a full revolution.

In Figs. 5 to 7, I have shown an arrange-
ment of annular pole pieces and coils in
which the torque acting upon each coil is
made to vary with the deflection by varying
the magnetomotive force so as to vary the
flux density from one portion of the air gap
to the other. In this arrangement an open
annular or C-shaped permanent magnet 30
is attached to a hook-shaped~soft iron core
31 having an annular portion concentric with
the magnet 30 so as to form a uniform air
gap 32 between the magnet 30 and the core
31. 'The magnetic potential will be a maxi-
mum at the portion 87 of the air gap and will
gradually fall, reaching a minimum at the
portion 36. The flux density in the air gap
will likewise decrease uniforinly from the
portion 37 to the portion 36. A similar ring-
shaped maguet 34 and a hook-shaped core
35 spaced from parts 30 and 31 are provid-
ed, forming an air gap in which the flux
density increases from a minimum at 38 to a
maximum at 39. Coils 17 and 23 surround
portions of the cores 31 and 35 respectively
and are connected in opposition. Conse-
quently the coils 17 and 23 will be acted upon
by opposing torques varying in relative mag-
nitude in the manner explained in connec-
tion with the embodiment shown in Fig. 1.

The openings 33 and 33" in the cores 31
and 85 facilitate the assembly of the instru-
ment and permit the coils 17 and 23 to be
placed around the cores 31 and 35 respec-
tively.

In the arrangement shown in Fig. 8 a
single C-shaped or open annular permanent
magnet 40 is provided which is joined to a
soft iron annular core 41 by a member 42.
The air gaps between the members 40 and 41
may be uniform but owing to the fact that
the magnetomotive forces acting across the
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air gaps increase from the portion near the
member 42 to the open portions of the C-
shaped members 40 and 41, the flux densities
will increase likewise. Consequently as the
moving element deflects coils 48 and 44 sur-
rounding the core 41 will be acted upon by
relatively varying torques in the manner
hereinbefore described.

Although I have shown arrangements for
varying the torque of the moving element
with position by varying the flux density in
the air gap it will be understood that I am
not limited to these exact arrangements.
The same result might be accomplished in
other ways; for example, by causing the ra-
dius of action of the flux to vary with the
position of the coil. Such an arrangement
is illustrated by the instrument shown in
Figs. 10 and 11, the specific structure of
which is not my invention. In this form of
the device a magnet 45 is provided with a
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pole piece having split portions 46 and 47 .

which when joined form an annular por-
tion 48 linked with one of the coils 17 of
the moving element. A similar pole piece
having an annular portion 49 linked with
coil 23 is attached to the magnet on the op-
posite side and displaced 180 degrees from
the point of attachment of pole piece 48. An
air gap 50 is formed between annular pole
pieces 48 and 49 which is substantially uni-
form in length and in which the flux density
is substantially uniform. The shaft 24
carrying the coils 17 and 28 is mounted ec-
centrically with respect to the pole pieces
48 and 49 so that the distance between the
portion of the coil acted upon and the axis
of rotation varies as the moving element is
deflected. The variation in the lever arms
being opposite for the two coils, the relative
torques acting upon the coils vary with the
deflection to accomplish the result sought in
the other embodiments described.

Although I prefer for the sake of space
economy and convenience in manufacture to
use pole pieces having rectangular cross sec-
tions cut by a plane through their axes, it
will be understood that I am not limited to
this exact shape. The term “annular” as
used in the appended claims is meant to re-
fer to structures having substantially the
shape of either a closed ring or a segment of
a ring.

I have herein shown and particularly de-
seribed certain embodiments of my inven-
tion and certain methods of operation em-
braced therein for the purpose of explaining
its principle and showing its application but
it will be obvious to those skilled in the art
that many modifications and variations are
possible and I aim therefore to cover all such
modifications and variations as fall within
the scope of my invention which is defined
in the appended claims.
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What I claim as new and desire to secure
by Letters Patent of the United States, 1s,—
1. An electrical ratio instrument compris-
ing a magnet, a pair of pole picces therefor
having substantially annular portions with a

‘varying air gap therebetween, one pole piece

substantially surrounding the other, a cur-
rent conducting coil mounted to permit a
portion thereof to move through said a:.r gap,
a rotatable shaft carrying said coil, a second
current conducting coil mounted on said
shaft and axially offset from said first coil
and a second magnet, a pair of pole picces
therefor with a varying air gap through
which the second coil moves, the arrangement
being such that one coil moves through its
air gap in the direction of increasing gap
length while the other coil moves through its

air gap in the direction of decreas.ng gap -

length. )
2. An electrical ratio instrument compris-
ing a pair of pole pieces having substantial-
ly annular portions between which an air
gap is formed in which the magnetic field
strength varies progressively from one por-
tion to another, one pole piece substantially
surrounding the other, a movable current
conducting coil cooperating with said pole
pieces, a second current conducting coil me-
chanically connected to said first mentioned
coil and axially offset from said first coil,
and a second pair of pole piece§ having sub-
stantially annular portions between which
an air gap is formed in which the magnetic
field strength varies progressively, the ar-
rangement being such that one of said coils

travels through a magnetic field of increas-

ing strength from one pair of pole pieces
while the other coil travels through a field
of decreasing strength from the other pair
of pole pieces. o

3. An electrical instrument comprising
two pairs of pole pieces each of which forms
a portion of an annulus arranged so that for
each pair of pole pieces an air gap is formed
between the inner surface of one pole piece
and the outer surface of the other in which
gaps the magnetic field strength varies pro-
gressively from one portion to another, and
a pair of mechanically connected axially off-
set rotatable current conducting coils each
arranged to move through one of said. air
gaps, said pole pieces being arranged so that
one coil moves in a direction of increasing
field strength while the other moves in a di-
rection of decreasing field strength and each
of said inner pole pieces being linked by one
of said coils and forming a substantially
complete annulus supported at only one por-
tion of its circumference, thereby extending
the angular range of the instrument by per-
mitting said coils to move along the entire
unsupported circumference of said inner
pole p:eces.

4. An electrical ratio instrument compris-

3

ing a pair of magnetic pole pieces having
substantially annular and approximately
concentric portions. with a varying airgap
therebetween and each having a portion pro-
jecting from said annular portion, the annu-
lar portion of one of said pole pieces being
c¢losed to form a complete annulus and being
surrounded by the annular portion of the
other pole picce, a pair of permanent mag-
nets in the form of circular segments join-
ing the projecting portions of said annular
pole pieces to form a circular stationary
member, a current-conducting coil linking
suid closed annular pole piece and mounted to
permit a portion thereof to move through
said air gap, a rotatable shaft carrying said
coil, a second current-conducting coil mount-
ed on said shaft and axially offset from said
first coil, said coils being eccentrically mount-
ed and angularly displaced 180 degrees, a sec-
ond pair of pole pieces, and a second pair of
cireular segmental permanent magnets sim-
ilar to said first-mentioned pole pieces and
magnets forming a second circular stationary
member co-axial with said first-mentioned
stationary member and having a varying air-
gap through which said second coil moves,
the arrangement being such that one coil
moves through its airgap in the direction of
increasing gap length while its other coil
moves through its-airgap in the direction of
decreasing gap length. .

5. An electrical ratio instrument compris-

ing a pair of circular co-axial stationary

members and a pair of eccentrically mounted
axially offset rotating coils angularly dis-
placed 180 degrees, each of said stationary
members comprising an inner completely
closed substantially annular pole piece me-

chanically linking one of said rotating coils,

and an outer substantially annular pole piece
surrounding said inner pole piece to form an
airgap therebetween within which a portion
of said rotatable coil is free to move and in
which the field strength varies circumferen-
tially along said airgap, the arrangement
being such that one of said coils moves in a
field of increasing strength, whereas the other
of said coils moves in a field of decreasing
strength as said coils are deflected in a given
direction. :

6. An electrical instrument comprising two
pairs of pole pieces each of which forms a
portion of an annulus arranged so that for
each pair of pole pieces an airgap is formed
between the inner surface of one pole piece
and the outer surface of the other, in which
airgaps the magnetic field strength varies
progressively from one portion to another,
said outer pole pieces comprising C-shaped
permanent magnets and said inner pole pieces
comprising hooked-shaped members com-
posed of permeable material with the sub-
stantially annular hooked portion substan-
tially concentric with the permanent magnet
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surrounding said hooked portion and with
the projecting portion abutting an end of the
surrounding C-shaped permanent magnet,
and a pair of mechanically connected axially
off-set rotatable current-conducting coils each

arranged to move through one of said air--

aps, said pole pieces being arranged so that
one coil movesin a direction of increasing field
strength while the other moves in a direction
of decreasing field strength and each of said
inner pole pieces being linked by one of said
coils.

7. An electrical ratio instrument compris-
ing a C-shaped permanent magnet forming a
substantially annular outer pole piece, a
hooked-shaped member of relatively perme-
able mmagnetic material having a substantially
annular hooked portion substantially concen-
tric with said C-shaped permanent magnet
and a projecting sector-shaped stub portion
of less angular width than the open portion
of the C formed by said permanent magnet,
said projecting stub portion abutting at one
side against one end of said permanent mag-
net so0 as to produce a magnetic field in the
air gap formed between said inner pole piece

1,018,028

and said outer permanently magnetized pole
piece in which the field strength gradually
increases from the end where said projecting
portion of the inner pole piece abuts the outer
pole piece to the end of the airgap between
the free end of the C-shaped outer pole piece
and the free end of the hooked portion of the
inner pole piece, a current-conducting coil
linking said inner pole piece eccentrically
mounted for rotation about an axis substan-
tially coaxial with said pole pieces, a second
current-conducting coil axially off-set from
said first-mentioned current-conducting coil,
and a second pair of pole pieces similar to said
first-mentioned pair of pole pieces, cooper-
ating with said second-mentioned coil and so
arranged with respect to said first-mentioned
pair of pole pieces that one current-conduct-
ing coil moves in a direction of increasing
field strength while the current-conducting
coil moves in a direction of decreasing field
strength for rotation in a given direction.

In witness whereof, I have hereunto set my

hand.
HAROLD T. FAUS.

10

(]

80 .

85

05

100

105

110

115

120

126

130



