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North Haven,

Conn,, assignor to The E. Ingra-

ham Company, Bristol, Conn., a corporation
Application December 1, 1950, Serial No. 198,523
(CL, 58—116)

4 Claims.

The present invention relates to improvements

in timekeeping magnetic-escapements and rotor-
units therefor, i. e., escapements and rotor-units
which- are controlled by magnetism rather than
by mechanical means.
“Broadly speaking, magnetic-escapements of the
general character above referred to have been
previously devised, but the present invention is
concerned with and has for its primary object
the provision of a magnetic-escapement which
will reliably self-start under the urge of rotary
force applied to its rotor-unit and thereafter
under the control of its vibrating magnetic-mem-
ber, continue to operate to keep accurate time.

Another and more specific object of the present
invention is to provide a superior rotor-umit
which will serve to initiate the vibratory move-
ment at low amplitude of a vibratory magnetic~
member, and thereafter progressively increase

the amplitude of the movement of the said mem- 2

ber until the said amplitude has reached the de-
sired maximum. :

With the above and cther objects in view, as
will appear to those skilled in the art from the
bresent disclosure this invention includes all fea-
tures in the said disclosure which are novel over
the prior art.

" In the accompanying drawings, in ‘which cer-
tain modes of carrying out the present invention
are shown for illustrative purposes:

Fig. 1 is an elevational view of one form of
timekeeping magnetic-escapement which the
present invention may assume;

Fig. 2 is'an elevational view of the showing of
Fig. 1 but viewing the same in the direction of the
arrow 3 of Fig. 1;

Fig. 3 is a broken detail sectional view taken
on the line 3—3 of Fig. 1, but on g larger scale;

- Fig. 4 is a similar view but taken on the line
4—4 of Fig. 1;

" Fig. 4A is'a diagrammatic view of a part of an
escape wheel and an associated pole-salient of the
magnetic escapement shown in Fig. 1;

~ Fig. 5 is an elevational view similar to Fig. 1,
but showing another form which the present in-
vention may assume and showing the bermanent
magnet in section; and ‘

Fig. 6 is an elevational view of the showing of
Fig. 5 but viewing the same in the direction ¢f the
arrow 6 of Fig. 5. ’ -

The showing of Figs. 1 to 4 inclusive

In the stfucture of Figs. 1, 2, 3 and 4 there is
employed a vibrating magnetic-member or -unit
which: comprises.a U-shaped permanent magnet
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generally designated by the reference character
13 and in turn comprising two parallel but later-
ally-spaced-apart side arms (1 and 12 integrally
connecied together by a base-reach (3. The
magnetic-member or -unit also includes g pair of
similar complemental pole-salients {4—14 one of
which is located at the end of each of the side-
arms {1 and {2 of the permanent magnet 10 and
remote from the base-reach 13. The said pole-
salients extend in parallelism with each other in
planes perpendicular with respect to the Aatwise
plane of the permanent magnet 19. The said
pole-galients 14—1{£ have their inner faces spaced
from each other sufficiently to freely accommo-
date a rotor-unit between them as will be pres-
ently deseribed.

The permanent magnet {0 above referred to
may be formed of any suitable magnetic material
having high retentivity such, for instance, as high
carbon or cobalt steel, as may alsc the pole-sa-
lients t4—14. The pole-salients {4—14, however,
may be of soft iron or its equivalent and are pref-
erably brazed or otherwise rigidly secured to the
inner edge of the adjacent ends of the side arms
{1 and 12.

The magnetic member or -unit also includes a
flexible reed 15 which is rigidly secured at one
end in any suitable manner to the base-reach (3
of the permanent magnet I18. The said reed is
located intermediate the side arms I1 and 12 and
has its end opposite the base-reach i3 rigidly se-
cured to any suitable support such, for instance,
as the fixed support 18 indicated in Figs. 1 and 2.
The said reed (5 is preferably formed of non-
magnetic material such as Phosphor bronze or
beryllium copper, and is so related as to permit
the permanent magnet 18 and the parts carried
thereby to vibrate at the desired frequency and
through the desired amplitude.

Positioned so as to rotate between the. pole-
salients [4—I4 of the permanent magnet (0 is 4
control-ring generally designated by the refer-
ence character 1 and preferably formed of soft
iron or other highly-permeable magnetic mate-
rial-to thus minimize hysteresis losses. In a cir-
cumferential direction, the said control-ring is of
sinusoidal or serpentine form with respect to both
its inner and outer peripheral edges. As thus
shaped, the said control-ring may be said to have
an annular series of inwardly-directed rounded
beaks or apices I8 each of which is located cir-
cumferentially about midway between a pair of
outwardly-directed rounded peaks or apices 19
also forming an annular series, with each peak or
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apex being substantially equidistant from adja-
cent peaks or apices.

In the instance shown, the control-ring (7 is
force-fitted over the outer peripheral edge of a
mounting-plate or mounting-member 20 which
latter has.its said:outer. peripheral edge conform=-
ing to the: inner periphieral edge of the said con-
trol-ring, as is especially well shown in Fig. 1.

" The said mounting-plate 20 is formed of material-

which is relatively nonmagnetic as compared t0

the material from which the- control-rihg: IT- i
formed such for instance, as brass; bronzg or-

aluminum.
As thus mounted, the control-ring I1.is-firmly

supported without employing: integrali magnetic:
spokes which are apt to cause:a:lock=Intendency-
with the permanent magnet. i0.or. its.equivalent.

and thus interfere with désirable self-starting
characteristics.

The mounting-plate 28 above referred to is, in ¢

turn, rigidly. mounted. on.the hub.24. of a drive-
pinion.22: The hub.24, together with its.integral
drive-pinion 22, is, in turn,.rigidly mounted upon
a.shaft:23 formed_ at.each.of its:respective.oppo-

site-ends with.one.of - two similar trunnions-24— ¢

24.. The:said trunnions may. be supported for ro-
tation.in any. suitable manner such, for instance,
as-An:the movement-plates of a-clock or other in-
strument.

The . drive-pinion. 22. above.referred- to. is. de-
signed:and-adapted.to be meshed into by a drive-
gear (not shown). or. other. suitable drive device,
propelled. by. a. clock-spring or other suitable
source.of. power: so-as to.tend. to rotate the unit
comprising the.parts: 1.1.to 24-inclusive in either
direction, though preferably in the direction of
the-arrow-in Fig. 1.

As.will. be.observed . by reference to Fig. 1, the
pole~salients.14—Ii4 both have a -dimension, in a
ditection. radially of the control-ring 17, which
exceeds. the width of the. serpentine magnetic
track provided. by the said control-ring, so that
when. either. the: inner. or outer apices 18.or 19
come into. registry. therewith, the said pole-sal-
ients 14—14 will overlap the track. While. the
width of. either pole-salient i4 in comparison to
the width.of-the track must be as just explained

" to accomplish self-starting,.it is equally. impera-
tive for the. achievement of the self-starting fea-
ture that.the:width of the pcle salients is smaller
than: the radial distance between the: outermost
and.innermost: edges. of. successive outer and in-
ner apex.portions, respectively, of the track, and
greater. than. the: radial. distance. between the
outermost and.innermost edges. of successive in-
ner. and. outer. apex. portions, respectively, of the
track.. The instant. invention solves.the.problem
‘of self-starting.a magnetic escapement. of which
the ihnermost and outermost. edges. of: the. outer
and inner apex portions of the wavy track.on the
escape” member: are outside and inside, respec-
tively; of & median circle of the wavy" track:
Thiese limitations ‘are demonstrated: in Fig. 44;
in- which* tie-ihnermost and: cutermost edges-a
and: b ofthe outer -and-inner apex- portions- 9
and [8; respectively, of the:track are-shown as
Iyingr outsidé: and: inside,. respectively; of the
median:circle:e: Fig: 4A further shows: that the
pole salient- [%-has; 8- width W -which: is: smaller
than.the radial distance: W' between: the: outer-
most: and: innermost. edges f:and: g:of. successive
outer, and-inner: apex-portions: 18.and. i8; respee-
tively, of the: track and:larger than. the:radial
distance: W'’ between. the: outermost’ and- inner-
most.edges: b and «. of successive inner and.oufer
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apex portions I8 and (9, respectively,
track.

The permanent magnet 10 is magnetized to
such an extent that the flux flowing between its

of the

- two pole-salients 14—18 (respectively of opposite

polarities) will: be such: as. to: give  a: magnetic
lock-in- or: coupling-efféct withi the' control-ring
11, all for purposes as will hereinafter appear.

It may now be assumed that the vibratable
permanent magnet 10 is at rest as shown in Fig.
4A: and:ithat-rotating force is now applied fo the
unit comprising the elements {7 to 24 inclusive, to
turn:the same. relative to the pole-salients {4—14.
As.the. control-ring: {71 starts to rotate, the pole-
salients: | §~—14&; which are still in their repose po-
sition: (Fig: 4A), will have initial movement to
the left.as. the nearest inner apex portion 18 of
the track approachies. The initial motion of the
pole-salients from their repose position will be
very slight, but will be increased gradually in op-
posite. directions until.the-full. desired amplitude
is. reached, whereupon.the:said pole-salients:-will
track. substantially, with the serpentine form: of
the-track and the control-ring-(together with the
parts connected thereto) will remain in step with
the vibrations of the: magnetic unit comprising
the elements 180 1 §-inclusive.

By. having the.control-ring (T or its equivalent
substantially free: of. inwardly-projecting mag-
netic spokes.or the like and by having the.pole-
salients. 16—1{4 of the magnet {0 _exceed-the width
of the. control-ring, the said. confrol-ring. is
enabled to initiate the vibration of the magnet 10
with. a progressively-increasing amplitude, until
the full. desired. amplitude. is. reached. In this
manner, one of the main . uncertainties- of: prior
escapements. of. the present basic character is
overcome and. self-starting is assured, followed by
a. magnetic. lock~in.between the magnet 10.and
the.control-ring. i1. such as to;maintain the said
control-ring. in.correct.time relationship:with re-
spect to the tuning-fork effect of the said.vibrat-
ing permanent magnet.

It is.to.be borne in mind in: this connection
that the. energy applied. to. the drive-pinion. 22
or.ifs:-equivalent, must.not be in an.amount which
will cause the control-ring {7 to break. its-mag-=
netic.interlock with. the pole-salients. 14—14 or
their equivalent.

The stowing-of Figs. 5and- 6

_ In the.structure.of Figs..5.and 6, there is em-
ployed a vibrating. magnetic-member which. is
not, itself: a, permanent. magnet: rather than a
permanent. magnet. magnetic-member asin the
showing of Figs. 1 to 4 inclusive.. -

. The structure shown includes a- v1brat1ng mag-
netic-member: or -unit: which includes & flexible
reed.28:and a.pair of complemental pole-salients
27—27 carried thereby. The said:pole-salients
may. be formed of:soft-iron;or-the like while:the
said reed 28:may- be. formed. of: Phosphor-braonze;
beryllium copper; or -other suitable springy- mas=
terial: The- said -reed is: rigidly- secured at:.its
end: remote-from. the pole-salients. 27—271; to.a
fixed. support. 28: © At its- end: remote. from: the
support 28, the reed 28 is;bifurcated. to: provide.
it. with. two. laterally-spaced-gpart: parallel: side
arms. 28-—29; to-the:outer:end of’each of’ which
is brazed or otherwise rigidly attached one of:the
aforesaid pole-salients 27—27.. i

For the purpose of causiig magnetic flux to
flow.- through: and between: the: nonpermanent
magnet: nole-salients. 27-—21; there is employed:a
U-shaped: permanent. magnet 30-having:its.com=
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plemental arms respectively located closely adja-
cent but slightly spaced from the respective outer
ends of the said pole-salients 21—27 as is shown
in Pig. 6.

The permanent magnet 30 above referred to
may be formed of any one of the well known fer-
rous alloys capable of retaining magnetism and
capable of imparting such magnetism to the pole-
salients 21—217. The said magnet may be fixed
in any suitable manner to an instrument strue-
ture.

The respective inner ends of the pole-salients
21—21 of the reed 26 are spaced from each other
sufficiently to permit the rotation therebetween
of a control-ring generally designated by the
reference character 3i and preferably formed of
soft iron or other suitable magnetic material of
a nonpermanent-magnet character. The said
control-ring has a serpentine or substantially
sinusoidal configuration in a circumferential di-
rection, similar to the control-ring {1 previously
described. )

The control-ring 31, therefore, includes in-
wardly-directed peaks 32 and outwardly-di-
rected peaks 33 respectively similar to the peaks
18 and 19 before described, save that each of the
inner peaks 32 is formed with an inwardly-di-
rected integral coupling-lug 34 of very small di-
mensions, which tightly fit into complemental
notches formed in the outer peripheral edge of
a mounting-plate 35, as is indicated in Fig. 5.
The coupling-lugs 34 serve to mechanically con-
nect the control-ring 31 to the mounting-plate 35
. without-however, providing magnetic salients of
such magnitude as would materially interfere
with the self-starting characteristics of the de-
vice.

The mounting-plate 35 may he conveniently
formed of brass, bronze, aluminum or other rela-
tively-nonmagnetic material as compared to the
material from which the control-ring 31 is
formed. The said mounting-plate is rigidly
mounted upon the hub 36 of a drive-pinion 37
similar to the drive-pinion 22 previously referred
to. The hub 36, the drive-pinion 37 and the unit
comprising the mounting-plate 35 and control-
ring 31, are rigidly mounted upon g shaft 38 simi-
lar to the shaft 23 before described. The said
shaft is provided at its respective opposite ends
with trunnions 39-——39.

The pole-salients 21—27 of the reed 26 prefer-
ably have an extent in a direction toward and
away from the shaft 38 which is greater than
the width of the control-ring 31 at the peaks 32
and 33, and while the said pole-salients are not
in themselves of permanent-magnet material,
they will, in effect, be constantly polarized by
the adjacent permanent magnet 30.

Now, when turning force is applied to the unit
comprising the element 31 to 39 inclusive, the
control-ring 31 will initiate the vibration of the
reed 26 at first with a relatively-small amplitude
and then ultimately to its full designed amplitude,
whereupon the control-ring 31 will remain in
step with the timed vibrations of the said reed in
a manner similar to that deseribed in connec-
tion with the showing of Figs. 1 to 4 inclusive.

‘The invention may be carried out in other spe-
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cific ways than those herein set forth without de-
barting from the spirit and essential character-
istics of the invention, and the present embodi-
ments are, therefore, to be considered in all re-
spects as illustrative and not restrictive, and all
changes coming within the meaning and equiv-
alency range of the appended claims are in-
tended to be embraced therein.

‘What is claimed is:

) 1. In a timekeeping magnetic escapement hav-
Ing a rotary escape member and an oscillatory
member, the combination of an endless wavy
magnetic band-like element disposed on said
€scape member concentrically thereof and form-
ing a track thereon; and a polar element on said
oscillatory member, one of said elements being
permanently magnetized and magnetically
coupled with the other element, said track ele-
ment having inner and outer apex portions dis-
Posed alternately on the inside and outside, re~
spectively, of a circle at substantially equal dis-
tances therefrom so that the innermost and out-
ermost edges of said outer and inner apex por-
ti.ons, respectively, are outside and inside said
circle, respectively, and said apex portions are
curved substantially as the apices of a sine wave,
and said polar element being of width, radially
of said escape member, which is smaller than the
radial distance between the outermost and inner-
most edges of successive outer and inner apex
portions, respectively, and greater than the radial
distance between the outermost and innermost
edges of successive inner and outer apex portions,
respectively.

2. The combination in a timekeeping magnetic
escapement as set forth in ¢laim 1, in which the
width of said polar element comes much closer to
the radial distance between the outer and inner
edges of successive outer and inner apex portions,
respectively, than to the radial distance between
the outer and inner edges of successive inner and
outer apex portions, respectively.

3. The combination in g timekeeping magnetic
escapement as set forth in claim 1, in which said
track element is of substantially uniform band
width throughout and shaped similar to g sine
wave.,

4. The combination in g timekeeping magnetic
e§capement as set forth in elaim 1, in which the
dimension of said polar element, measured cir-
cumferentially of said escape member, is several
times smaller than said width thereof.

) MABEL T. NICHOLS,
Executriz of the estate of Malcolm P. Nichols,
deceased,
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