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5 Claims,
The present invention relates to compensating
devices for compasses employed upon. moving
bodies such, for example, as ships and aircraft.

One of the objects of the invention is to provide
8 novel, simple, reliable and improved device of

‘the above type for compensating for the errors
Introduced into the indication of g compass due

to the presence of permanently magnetized bodies

in the vicinity of the compass. o
Another object is to provide a novel com-

pensating device for magnetic compasses, em-

‘bodying permanent magnets arranged and oper-

ated in a novel manner, and a shield of suitahle

- magnetic material associated ‘therewith whereby
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the compensating effect of said magnets on the -
- compass may be readily adjusted. |

The above and other objects and advantages of

the invention will appear more fully hereinafter

- from a considerat.on of the detailed description
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the invention, reference being

which follows, taken togetkher with the a~com-

panying drawing wherein one embodiment of the

invention is illustrated. It is to be expressly un-

-derstood, however, that the drawing is for the

purposes of illustration and description only and
1s not to be construed as defining the limits of
had to the -ap-
pended claims for this purpose. o
The invention consists substantially in the con-

struct.on, combination, location and relative ar-

rangement .of parts for obtaining the results de-
sired in accordance with the foregoing opjects,

 as will be more fully hereinafter set forth in
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the specification, as shown in the drawing by way
of example, and as finally pointed out in the
claims. :

In the drawing wnere'n like reference charac-

. ters refer to like parts throughout the several
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Views: |

Fig. 1 is a view, in elevation, of a compass
showing the location of the compensating de-
vice thereon; ~

-+ Fig. 2 is a plan view of the compensating mech-

45

50

anism removed from the compass:

, F.g. 3-°is a vertical section taken on line 3—3
- of Fig. 2; o | o |
. Fig. 4 is another vertical section taken on line
4—4 of Fig. 2, and | -
. Fig. b is a perspective view of the elements of

the compensating device comprising an embodi- .

ment of the invention. B |
It is well known that regardless of the direc-
tion of a magnetic force, its horizontal compo-

~ nent may be resolved into two components at
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- right angles to each other, the disturbing effect
- of which upon the indication of a compass may
be compensated, 1. e., reduced to zero, by means.

of auxiliary .magnetic -forces respectively equal .
. to and in opposite directions to the compo-

nents of the disturbing force. In accordance

with the present jnvention, there is provided &
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simple and reliable device that will, at all times,
prov.de for the introduction of compensatirig
component magnetic forces exactly at right an-
gles to each other and of the desired magnitude.
For purposes of illustration, the invention is
shown in the drawing as embodied in a com-
pass structure of the side-reading type such as
is generally employed on air-craft. It is to be
understood, however, that the invention is not
limited in its applicationto sircraft compasses
but is generally applicable to other types of com-
passes such, for example, as the well-known mari-
ners’ compass or the earth inductor compass.
From a general aspect, the invention comprises
a  unit constituted by a ‘pair of auxiliary mag-
nets situated in cooperative relationship with the
direction-sensitive element of a compass, a mem=-
ber of suitable magnetic material such as soft
iron, “permalloy” or “hypernick” positioned ad-
Jacent said auxiliary magnets longitudinally
thereof and parallel thereto, and means for
mounting said magnets so that they may be si-
multaneously revolved as 2 unit about an axis
parallel to the adjacent member of magnetic
material which functions as a shield for vary-
ing the effect of the auxiliary magnets upon the
compass as they are revolved. The member of
magnetic material will hereinafter be referred
to as an armature. |
More specifically, the invention comprises a
pair of compensating units of the above type
mounted at right angles to each other for the
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purpose of introducing compensating component

forces in two mutually perpendicular directions
and of the desired magnitude. .
Referring now to the drawing and more par-
ticularly to Fig. 1 thereof, there is shown, by way
of example, a compass & comprising a cylindrical
glass bowl T clamped between an upper plate &
and a lower plate 9 by suitable means such, for
example, as a plurality of circumferentially ar-
ranged bolts, two of which are shown at i§ and
(i, Within the glass bowl 7 there is pivotally

mounted a direction-sensitive element of the

compass; i. e., the compass card 12 which car-
ries the card magnets (not shown) therebeneath.
A cenfral vertical post 13 which is provided at its
upper end with a suitable jewel bearing (not
shown) serves to support the compass card 12
in a substantially horizontal position and pro-
vides for rotation of the card about a vertical
axis defined by the central axis of the post {3.
The bowl T is generally filled with a suitable
damping liquid such, for example, as.kerosene,

~varnoiene or alcohol, and since said bowl is trans-

parent, the card 12 may be readily observed
therethrough from any side thereof. A sta-
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tionary reference mark 14, familiarly known as a -

“lubber’s line, is secured within the bowl o the

lower plate 9 and in front of the card 12 so that
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the characters or compass graduations upon the
card 12, with which the Iubber’s line appears to
cmncme indicate the direction in which the mov-
ing body upon which the compass is carried is
headed. The entire compass structure is car-
ried by a suitable bracket {5 for mounting said

compass on the movmg body in an upright posi~
tion.

Beneath the compass 1S carl led a housing or
casing 16, preferably cylindrical, within which
the compensa.tmg device embodying the present
invention is located. The housing {8 is remov-

~ ably secured to the upper part of the bracket {5

substantially centrally of the bowl T and con-
centrically with the vertical axis of the compass,

- by any suitable means (not shown) for the pur-

pose of facilitating the removal of the compen-

~sating mechanism for repair or replacement,
20

Referring now to Figs. 2 to 5, inclusive, the
compensating mechanism comprises, in the form
shown, two units mounted at right angles to each
other in substantially parallel horizontal planes,
one of the compensating units, the upper one, for
example, as viewed in Figs. 3, 4, and 5, consists
of a pair of parallel, oppos1te1y disposed bar mag-
nets 171 and 8 so that their unlike poles are
adjacent each other, and an armature I9 of sub-
stantially the same length as the bar magnets

-and positioned adjacent said magnets longitudi-

nally thereof and parallel thereto, while the unit
at right angles to the first unit comprises a pair

of parallel, oppositely disposed bar magnets 28

and 21, and an armature 22 of substantially the
same length as said magnets and positioned ad-

jacent thereto 10ng1tud1na11y thereof and parallel

- thereto.

- support such, for example, as a pair of bosses 23

The armature | 9 is secured to some smtable

B ~and 24 formed integrally with the casing 16 at
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the upper part thereof and projecting toward the

magnets 1T and 8 so that said armature 1§ is

relatively close to said magnets. The magnets 11

‘and 18 are carried preferably by a cylindrical

member 25 of non-magnetic material such, for

‘example, as brass, and on diametrically opposite

sides thereof, said magnets being partially em-
bedded in said non-magnetic member 25 longi-
tudinally thereof and preferably being of sub-

- stantially the same length as said member.
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- The armature 22 is carried by a support also
constituted by a pair of bosses 26 and 27 formed

integrally with the casing {6 at. the lower part

thereof and projecting toward the magnets 20
and 2{, said magnets being carried by a cylindri-
cal member 28 and also disposed on diametrically
opposite sides of said member, the latter being
of non-magnetic material like member 25. |

In order to provide for revolving the- magnets

7T and 18 and the magnets 20 and 21§ with respect:

to their associated armatures 19 and 22, respec-
tively, about horizontal axes parallel to the arma-
tures, the cylindrical members 25 and 28 are re-

spectively carried by stub shafts 29, 30 and 31,

32 secured to or formed mtegrally with sald
members 25 and 28, the stub shaft 29, 30 being
Journaled in the upper part of the casing {6 and
the stub shaft 31, 32 being Journaled in the lower

- part of said casing, as shown in Figs. 3 and 4.

Thus, it will be seen that the magnets 17 and 18
are revolvable about the axis of the member 29,
which a,ms1 Is common to both of the magnets, is
in substantmlly the same plane with said magnets

and is parallel to the armature 19 and to the mag-

netic axes of said magnets, while the magnets 20,

21 are revolvable about the axis of the member 28,

“enabling the adjustment of the magnets 117,

2,011,775

which axis is parallel to the magnetic axes of
sald magnets and to the armature 22 and is in
substantially the same plane with said magnets.

Means are now provided for revolving the pairs
of magnets 17, 18 and 20, 2{ about their respec-
tive axes of revolution at right angles to each

“other and with respect to their associated arma-

tures {8 and 22 for the purpose of introducing

- compensating component forces at right angles

to each other and of the desired magnitude so
that the errors introduced into the indication of
the compass 6 due to the presence of permanent-
Iy magnetized bodies in the vicinity thereof may
be reduced to zero. In the form shown, said

means comprise g pair of knobs 3833 and 34 which’

extend outside of the casing 1§, the knob 33 be-
ing secured to or formed integrally with the stub
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shaft 30 and the knob 34 being secured to or

- formed integrally mth a shaft 35 parallel to the

stub shaft 30. By rotation of the knob 33, the

non-magnetic member 2% is rotated about its
-axis directly inasmuch as the knob 33 is con-

nected directly to the stub shaft 30 and is co-
axial with the member 25. Since, however, the
member 28 is at right angles to the axis of the
knob 34 and the shaft 3§, the latter is provided
at the end thereof with a worm 36 which meshes
with & worm gear 37 carried by the non-magnetic
member 28 substantially mid-way between the
ends thereof so that the magnets 20, 2{ may be
revolved about the axis of member 28 from a
direction at right angles to said axis, thereby

and of the magnets 20, 21 from the same side of
the casing 16, as shown in Figs. 3 and 5. A leaf

spring 38 is provided for insuring firm engage-

ment between the worm 36 and worm gear 31,

sald. spring having one end secured to the casing
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in any suitable manner as by means of screws 39

and having its other end bent downwardly as
shown at 40 so that said end fits mto a groove
41 on the shaft 35. -

From the foregoing structure, it Wlll be seen

that when the knob 33 is rotated, the magnets (7,

{8 (Fig. 4) are revolved about the axis of the

‘non-magnetic member 25 so that when the mag-

nets are in the position shown, if they are re-
volved counter-clockwise, the magnet {71 will be

moved angula;rly downward and away from the

armature 19 while the magnet (8 will be moved
angularly upward and nearer to .the armature
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9. Thus, the ficld of the magnet {7 increases

as the magnet moves away from the armature (9

~and the field of magnet 18 simultaneously de-

creases as the latter magnet approaches arma-
ture 19. This adjustment may be effected to any
desired. degree depending on the relative angu-
Iar positions of the magnets with respect to-the
armature 19. The armature I8 serves as a
shield or by-pass for the magnetic lines of force
of that magnet which happens to be closer to
it. As shown in Fig. 4, for example, the mag-
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netic lines of force of magnet IT are substantially
completely absorbed or by-passed by the arma-

ture 19. If the magnets are moved clockwise,

from the position shown in Fig. 4, the effect of
the magnet 18 on the compass is gradually de-
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creased and the effect of the magnet 17 will grad-

ually begin to increase. If the magnets 17, I8
are rotated through 90“ either clockmse or
counter-clockwise,. from the position shown in
Fig. 4 so that they are in a vertical plane and,
hence, parallel to the armature, the net effect
of the magnets on the compass is zero. Inas-
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much as the member 25 is capable of being rotated 75
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nets 117,
18 will be positioned closer to the armature 189,
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through a complete circle of 360°, the mag-

I8 may be revolved so that the magnet

i. e., the position of the magnets (T and 18 wﬂl
then be reversed from that shown in Fig. o.
-~ The effect of the lower magnets 20, 2f on the
compass may be varied ih the same manner ex-
cept that this effect is at rlght ancles to that
of magnets T and (8.

The compass together with 1ts compensating

mechanism is installed upon an aircraft such,

for example, as an airplane, in such a manner
that the axis of revolution of the compensating
magnets 1T and 18 is parallel to the fore and
aft axis of the craff, and the axis of revolution

- of the compensating magnets 20 and 21 is

20

25

30

39

40

45

athwartship of the craft, i. e., coincides with the
transverse horizontal axis of the craft, while the
intersection of the vertical planes containing
these axes coincides. with the vertical axis of the
post i3 about which the card 12 rotates.

The manner of compensating the compass, by

turning the craft on which the compass is mount-

ed through 360° and adjusting the compensating
magnets to obtain the desired effect on the com-
pass, is well known to those skilled in the art and

" the details thereof need not be describ2d herein.
| Thus, it will be seen that there is provided a
- compensating device for a compass,

in which
the compensating component magnetic fields pro-
duced by the units of the device are always at
right angles to each other, and by revolving the
magnets of each unit a differential effect is pro-
duced on the compass, the effect produced by
the magnets of one unit being in a direction at

right angles to the effect produced by the ma -

nets of the other unit. The compensating mech-
anism is simple inasmuch as relativeiy few parts
are involved, thereby making it possible to easily
manufacture large guantities of devices having
such a mechanism, and yet the mechanism is re-
liable and accurate for the purpose of com-
pensating for errors introduced into the indica-
tion of a compass due to the presence of perma-
nently magnetized bodles in the vicinity of the
compass. -

Although only one embodlment of the inven-

" tion heas been illustrated and described, other
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changes in the form and relative arrangement of
the parts, which will now appear to those skilled
in the art, may be made without departing from
the scope of the invention. The armatures 19
and 22, for example, instead of being adjacent
the members 25 and 28 at the sides thereof, re-
spectively, might readily be positioned beneath
said members or over them without affecting the

fundamental principle of operation, as long as

the magnets are parallel and are capable of being
revolved about a common axis parallel to the
armature so that said magnets may be revolved
into two positions in which they are equidistant
from the armature and their net effect is zero
in such positions but when they are revolved out
of either of these positions, a differential effect
is produced.

If desired, the two armatures 19, 22, when dis-

posed over or under their respective pairs of mag-

nets, may be made integrally with each other in
the shape of a cruciform wherein one armature
is provided with a bend substantially midway be-
tween its ends toform a yoke for providing clear-
ance for the magnets associated with the other

armature; and the latter is made to project from
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this yoke in a direction at right angles to the ﬁrst
armature.

- Reference is, therefore, to be had to the ap-
pended claims for a definition of the limits of the
invention. . |

What is claimed is:

1. A compass compensating unit compnsmg
two adjacent opposing parallel magnets mounted
for revolution about a common axis parallel to
and disposed between the magnetic axes of said

- magnets, a stationary armature of magnetic ma-.
terial

msunted adjacent said magnets and par-
allel thereto, and means for revolving said mag-
nets to produce a varying effect in the external
fields of said magnets by the armature.

2. A compass compensating unit comprising
two adjacent opposing magnets mounted hori-
zontally in pzarallel relation for simultaneous rev-
clution about a common axis parallel to and dis-
posed between the magnetic axes of said magnets,
a, stationary armature of magnetic material
mounted 2z2djacent said magnets and parallel

thereto, and means for simultaneously revolving

said magrets whereby one of them angularly ap-
proaches caid armature and the other angularly

recedes therefrom to preduce a differential vary-

ing effect in the ﬁelds of said magnets by said
armature.

3. A compensating devwe for compasses, com-
prising a stationary ‘armature of magnetic ma-

terial, a pair of opposﬂ;ely disposed parallel mag-

nets adjacent said armature, means mounting
said magnets for revolution about a common axis
parallel t5 the armature and to their magnetic
axes, means for simultaneously revolving said
magnets, a cecoend stationary armature of mag-
netic material disposed in a direction at right

angles to the first armature, a second pair of

oppositely disposed parallel magnets adjacent

said armature, means mounting said second pair

of magnets for revolution about a common axis

parallel to the second armature and to their mag-

netic axes, and means for simultaneously revolv-
ing said second pair of magnets.

4, A compensatmg device for compasses, coni-
prising a housing adapted to be secured to a com-

pass, a pair of stationary armatures of magnetic .
- material disposed in said housing one over the

other and at right angles to each other, a non-
magnetic carrier adjacent each armature, means

mounting said carriers for rotation abouf axes

respectively parallel to the armatures, a pair of

parallel magnets carried by each carrier on op-

posite sides thereof, each of said pairs of magnets
having poles of unlike polarity adjacent each
other, and means for rotating said carriers about
their respective axes whereby the magnets of each
pair are revelved with respect to their associated
armatures in such a manner that one magnet of
each pair moves nearer to its associated arma-
ture and the other magnet of each pair moves

- away from its associated armature.

5. A compass compensating unit comprising. a.
stationary armature, 2 pair of parallel magnets
disposed near said armature with their opposite
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poles adjacent each other, means mounting said

magnets for revolution about a common axis dis-

posed between said magnets substantially in the

same plane therewith and parallel to the arma-
ture, and means for revolving said magnets to
produce a varying effect in the external fields of
said magnets by the armature.
"WLADIMIR A. REICHEL. -
PHILIP F¥. WEBER.
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