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: 8. Claims. (Cl. 74—1.5) -

This. invention relates to improvements in a magnetic
escapement mechanism.

The magnetic escapement mechanism is alieady known,
for example, due to: British Patents Nos, 660,581 and
838,430, In a magnetlc escapement -mechanism, a per-
" manent magnet is secured to the forward-end of a resil-
ient material fixed at the other end to a supporter to form
an oscillator oscillating around the fixing point of the
I resilient matenal as-a fulcrum, and theé undulating mag-
netic track of an escape wheel such as a rotary disk is
rotatably set between the N and S poles of the sald per-
manent magnet.

The magnetic escapement mechamsms proposed here-
tofore have defects known as “‘speeding up” and “fluctua-
tion.” The “speeding up” means that, in FIGURE -10,
- in case days. are plotted on the abscissa and rates are
plotted on the ordinate to show the characteristics of the
magnetic escapement, as represented by the curve A’, the
rates. (time keeping) will vary every day with the lapse
of time and will gradually become higher as'a-whole. The
. “fluctuation” means the fluctuation of the daily rates as

represented by D on the curve A’ in' FIGURE 10.

The reason why the magnetic:escapement mechanisms
previously: proposed have the defects known as “speed-

ing up” and “fluctuation” is considered to be that the rela--

tive difference between the oscillating energy kept by the
oscillator used and the energy given and received by mag-
netic attraction between the magnetic poles of the mag-
net, an element of the oscillator, and the undulating mag-
"netic track of the escape wheel is not large enough and
that therefore the oscillatory motion of the oscillator will
be so greatly disturbed by the torque fluctuation appear-
ing on the escape wheel or.the like that, the oscillating
frequency will be biased and “the speeding up” and “fluc-
tuation” will be caused.. Thus, if the relative. difference
. 'between both energies is made large, such defects will be
able to be éliminated. However, in the use of the con-
ventional “Balance Reed” as the oscillator, its sharpness

of resonance is so low that the relative difference. between
both energies has not been able to be made large. - Such’

assignors to Jeco Company, Lim.-
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vby the physical condmons of all the members formmg »

the oscillation system.
The present invention has been made to ellmmate the
above mentioned defects and is to suggest usmg a tuning -

_fork instead of the conventional “Balance Reed” ina mag-' .

netic escapement

A main object of the present mventlon is to provxde'
a magnetlc escapement mechanism which is very high in
precision by synchromzmg an escape wheel with the stable :
oscillatory motion of a tuning fork. .

The present invention shall now be explamed with ref-
erence to the accompanymg drawmgs

FIGURE 1 is a perspective view of an embodiment’ of

" the magnetic escapement mechanism of the present in-
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. .sharpness of resonance corresponds to the characterlstlcs :

of a resonant circuit in an electric circuit..

/The above mentioned sharpness «of resonance is rep-

" resented by theé curve A in FIGURE 11 in which the
abscissa represents the frequency n of the driving force
and the ordinate represents the oscillator’s amplitude Y.
In the conventional magnetic escapement mechanism
using a “Balanced Reed” of a low sharpness of resonance
“(the value of Q about 100 to 200), the oscillating energy
of the “Balanced Reed” leakmg from the supporting part
of the “Balance Reed” is so large that the ground plate
to which the supporting part of the “Balance Reed” is at-
tached, the supporting. part and all the members-in con-
tact with the ground plate will integrally form an oscil-

lation system. Therefore, the frequency. of the “Balance

Reed” will not be determined by only the physical con-

 ditions of the “Balance Reed” itself as, for example, the
Young’s. modulus of the resxhency of the “Balance Reed”

and the.qlass of the magnet, but will also be influenced

65

80

vention,

FIGURE 2 is a plan view .of another éembodiment of
the magnetic escapement mechanism.

FIGURE 3 is a side view of the same.

FIGURE 4 is a plan view of a still another embodi- -

ment wherein a magnet is set between two escape wheels
with which a tumng fork is magnetically combined. ‘
FIGURE 5 is a side view of the same, -
FIGURES 6 and 7 are perspective views of other re-
spective embodiments of the tuning fork.
FIGURES 8 and 9 are explanatory views showmg the
oscillating states of the tuning fork. :
FIGURE 10 is a graph comparatively showing the
speedmg up” and “fluctuation” of a conventional mag-
netic escapement mechanism and those of the magnetic
escapement mechanism according to the present invention.
FIGURE 11 is a graph showing the relation between
the sharpness of resonance and the frequency bnas of the
“Balance Reed” and the tuning fork. :
In FIGURE 1, 1, 2 and 3 are ground plates
and 7 are pillars to fix the said. ground plate.
direct current motor. -
9 is a rotary shaft for the said. motor. 10 is a spring"
attached to the said rotary shaft. 11 is a rotary disk. 12

4,56
8is.a

is'a pin attached to the said rotary disk and erigaged with
the free end of the spring 10. 13 is a shaft for the rotary ' .

disk. 14'is a gear. 15 is a gear fixed to a shaft 16. 17,
18 and 19 are gears fixed to the shaft 20. 21 and 22 are
gears fixed to a shaft 23, 24 is a gear. 25 is an escape
wheel made of a magnetic flux conducting material and
fixed to a shaft 26.. The escape wheel 25 has a plurality
of radial projections 254 around its periphery and a plu-
rality of corresponding elongated apertures 25b alined.
with the projections 254 so as to form thé conventional
undulatmg magnetic track, 28 is a gear fixed to'a shaft
27. . 29 is a tuning fork. 35 s a pillar'to fix the tuning
fork 29 to a supporter 30 fixed to the ground plate 1 with .’
screws 31. 32 and 33 are magnets secured as opposed
to each other to both forked ends of the tuning fork. The
said magnets are in the form of rings or frames cut in one _
place of the magnetic circuit to have magnetlc poles in ..
the form like a slit, The escape wheel 25 is interposed
between the N-and S poles of ‘one 32 of the said magnets.
In-this case, the other magnet 33 not combined with an
undulating part of the escape wheel 25 can be- replaced
with any other weight that can be a counterwenght for the ~

magnet 32.
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The operatxon of the magnetic escapement mechanism. .

of the present invention shall now be explained. The
rotation of the direct current motor 8 will be transmitted
to the rotary disk 11 through the spring 10 as a shock

‘absorber and then to the escape wheel 25 through the

gears 14, 15, 17, 18, 21, 22 and 24. The escape wheel is
so provided as to rotate with the ‘undulating magnetic .
track interposed between the N and S poles of the mag-
net 32 secured to the forked end of the tumng fork, and



iis: therefore magnetrcally combmed with: the: magnet 32‘
and rotates. at a:. constant speed as in: a:known:-magnetic.

escapement device:. This: .constant:Totation: wilk: be trans-
mitted. to the shaft: 27" through the:-gears-19 and: 28:

- 'The sharpness of resonance: of ‘the:tuning: fork: used as
. anvoscillator:in' the-present-invention is:much greater than’
~ the:sharpness: of resonance: of ‘a: conventional " oscillator:

3,208,287
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" received by the rotary shaft 26:will also reduce and the: = -

wear. of . the: shaft can: be' prevented; - . Further; the: oscils.’
lating, energy: leaking: from-the:supporting:poifit:34: of ‘the:

- tuning fork. 29'to-the body- of a:clock: or; the: like:is:so

: ‘much: smaller-than: the: energy. 1eakmg in. the corventional.

. magnetic: escapement: device: using; the “Balance: Réed””

employing: a-“Balance. Reed;” for:example, the valie:of -

- Qof the: tunmg fork:being-about: IOOOJ t0:2500:. - (See: the:
‘curve:B:in FIGURE 111): P

FIGURE 11 shows- - the: sharpness of resonance of’

10°

the. “Balance Reed” used- ini:a: conventional magnetrc- :

escapement ‘mechanism.and that” of the: tuning:fork: in:
the present: invention: as: driven: by: the same: magnitude-
The.curve: A.therein: represents: the: sharpness:
of: resonance: of’ the: conventional: magnetic -escapement:
mechanism: and the:curve: B represents that of the-present:

of force:

inventioni. In: FIGURE' 11; the ordinate: represerits: the:
. amplitude- Y- and' the: abscxssa \represents: the: frequency
of the: driving: force; If, ims -order: to: synchironize: the:es-
cape-wheel, each of" the two: 1ype- oscillators. discharges

the:same-amount:of ‘the: oscrllatmgv’energy kept: by:it:and’
:natural frequency: of:
‘the: conventional” oscxllator w111 - be- biased: from: ny: to:-ng..
That is to:say; inv'case: the-oscillator:

~ its:amplitude: is- reduced: to: Y’

+An or ng. —An'

15
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brakes: the: ~advancmg escape: wheel’ the- fréquency: bias:

will“be: An";

On- the: contrary;. in:case:the: escape; wheel’

is  to- be- rotated: by the: ‘oscillator: driver: by-some: electro.::

magnetic: dévices;: the: fiequency- bias: will ‘be: —An’.

However; . thie: fiequency. bias-ofthe-tuning’ fork. will
be An: whrch is: smaller: than- the frequency- biasiiAn’ of’
Therefore, the: ﬂuctua-f

the conventional “Balance:Reed:’ o
tion:of: the-rates willbe: smaller

30:

In FIGURE 1; only. the:magnet: 32: of the magnets 3

‘and’ 33 secured to:thie forked:ends: of the: tuning’ fork: 29"
is magnetically-combined with:the-escape: whieel 25;  How- -
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ever; the characteristics-can:be:firther-improved by mag.. -

netically: combining: both: magnets: 32 and: 33" with the:,
-~ escape wheel 25. Only the.: coupled part. of ‘the: tuning;
fork and escape-wheel is:illustrated. in FIGURES 2:and. 3..
: However, as:shown: inthe: drawings; the-escape: wheel 25
is' rotatably- inserted: between: the: respective: N' and " $¢
poles of ‘the.magnets. 32 and’ 33:secured’ to: both-forked::
.énds of the tuning fork 29-so that both: magnetically-coms=-
: bmmg points ‘may: be: symmetrical with  respect. to: the 4;

;center of ‘the escape: wheel; -

N In: case- only the-magnet 32:secured to.the forkediend:

* 'of the ‘tuning fork-is magnetrcally combined: with: the:ege-. -
cape wheel 25 as shown in: FIGURE' I, the:tuning: fork:
will oscillate: around:its supporting point:34:as; a. filcrum..
In:such case,. the oscillator- will form: a. kind- of! a: canti:.
Therefore;. in.case:-the: tumng fork:is used’as:such::  ~
mechanical oscrllatmg element;. there: will: be: caused’ such:
motion:whichi-is:not:the’ normal:oscillatory- motion: of the:
tuning: fork: as;is: shows in: FIGURE' 9; .that' is: to:say;.
such’ complicated: oscillatory: motion: as: results: ffom: a:.
29-as:
. of a. cantilever; having: the: supporting: point: 34 of the:

lever..

combination: of: the: oscillatory: motion:of ‘the" f

tuning:fork 29:as a:fulcrum; and: the: normal oscillatory:
motien: of: the:tuning:fork 29 ds-is:shown:in. FIGURE: 8.

Consequently, the safety-ofithe: -operation:willibe:impaired:
This-deféct: has:been:eliminated: by such:

in:some- cases::
formation:as-is:shown in: FIGURES 2 and:3..

-time:

_conventional product and: B!

-azmagnet.:
3%6:and: 37" are:escape: wheels: secured to«a: shaft: 38:. 392

. at’ any:‘desired amplitude: may: be: relatively. smail.
- order to;maintain: the: oscillation; only'a:1oad energy; and:

oscillator; that tHere: will ‘be: -substantially: no variation of
the frequency by, the: mﬂuence of the loosening or the:like:

‘of: any. part: of the- body: of ‘the: clock: with' the lapse: of

- Therefore;, “speeding. up? and:“fluctuation’” can-be:.
solved without'the:need:of enlarging:the: mass:of the:sup=.
porting; pillar 30 in-order:to:make:the: mechanical: 1mped-
ance: of the supportmg portion: infinitely large.: This-is:
evident: from: experiments..and: can:.be:; ‘easily understood
by: comparmg the: vanatlons o£ the rates of both escape-‘ .

ent:invention: in: FIGURE 10 g
- FIGURES*4-and' 5 show another embodnnent ‘of! ﬁttmg -
29'is:a tuning:-fork:. 30:is-a:supporting:pillar:.

is: a:magnet: hield: between: thié: said: escape-Wwheels: 36" and:
37:. Due: to: the: required: frequency: of: thie: tuning: fork;
no: large: magnet: can: be:attached: to: the: forked:end’ of’
the:tuning; fork:. - However; a:magnet- larger: and:stronger::
thian-in the' case of attaching:it:to: the: tuning: fork ‘can: be'
used by holdmg it between: the: escape: wheels: E
Further, by-making:the: forked: ends-of: the: tuning:fork:
asrshown: it FIGURES 6 and: 7;. the: -magnetic: combina--
tion: with: the: escape wheel’ can: 'mproved Also; if”
the structure: shown:in- FIGURE: 7:is: adopted,. it will: be:
easy:to:determine:the: frequency-at: any- -désired: valie: by

. Smee the: @ of ‘the: tumng fork:employedin:the: present

Balance: reed;. the: efficiency: will be: higher: and therefore:
the: driving energy: required: to oscillate: the: turiing- fork:
Ine:

loss: energy need: be: féd to: the:device,.  In: the- conven:-
tional: trmepwce mechanisms-of this-kind; the-loss-energy
occuples the: greater part: of the: fed energy, but when:thie

* tuningfork is-used in-accordance: withi:this- mventron, such:

. Tossvenérgy- is: considerably: ‘smaller: than in the- ‘conven-- -

tional. balance: reed: dévices.
- For-the: above:mentioned:reasons; even:if a: magnetrc,
connecting:means:which-is:not:so: powerful as'a:mechaniz-

_ cal’connecting: means: is- used: for- the: connection: of’ the:

50"

tuning: fork: withi: the: rotor-plate;. a- comparatively powers: . -
ful tuning: fork, such:as.a fork having:a: high frequency: -
of"200—400 cycles: per:second. for example, may; still be:.

_ excrted Moreover, the: tlmeprece provrded by thls mven-

60;

“The: escape. wheel . 25" is:.so: provided. as- to: be: freely.

rotatable between: the:poles: Ny and’ Sy and: Ny and:Sy. of-

the magnets 32: and:33; respectively. - The: tuning: fork:
and the:escape wheel are magnetlcally combined with each:

other' by’ magnetic: flixes: between:the: magnetic: poles: Ny
. Therefore; the: tuning: fork:- 29" .
70

and’'S; and* Nj-and:S,..

as- the- oscillating element and: the: escape: wheel - 25-will-
be: combined: with: each: other-at: two- points: Py and: Py,
‘Therefore; the:forces: received:
by: the-magriets: 32:and 33 fiom:the: éscape:- wheel:will so:
act as'to-make the tuning: fork. produce: a.normal: osciltas-
tion and to-always -cancel’ eaclr;other.. Thus: the. force:

(see: FIGURES: 2 and" 3).
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able, and has a-small: posmon error.

Further, according-to: the: present: mventlon, as: there,
is-used: a: tuning, fork: whose: Q" and: frequency-are’ much:

Higher:than-of-any: conventional’ balance wheel oscillator: "
and: baldnce: reed:. thie- oscillation: energy: kept: by. the: ~ . .

tuning fork: at:theitime: of ‘the: -operation:will be. well larger:
than:the: load energy and: 16ss: energy;. Therefore, there:
can be: obtaified: a trmepleee whose accuracy: is- much:

‘highe than ofa: tlmeptece in: which: the conventional:

oscillator:is: used:

Further, the-most: preferable embodiment of the-present:
invention: is:shewn. in- FIGURE 2., According: to-it; as:
both' tiges: of’ the: tuning: fork are: integrally: connected:: .
from:the viewpoint:of the: energy-and the-tuning:fork:has: -
two: magnetic: connecting: parts to: transmit said: load::

- energy: and-loss:energy; not:only-a:more:powerful. tuning:

5.

fork: can’be-used but also:there-can: be-obtained:a: time=-

piece-which-operates:stably and:is-high:accuracy.:
In: the: above: description;. there: has: been: chiefly” ex=-
plamegi acase wherein: the: escape: wheel:is: rotated-and:is-

- selecting: the: -dimensions: of’ contact: preces 40

is; much: higher: than: that: of ‘the: conventional: -
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magnetically combined with the magnet secured to the
forked end of the tuning fork. -~ (This is called a normal
drive in this invention,) = On the contrary, the tuning

fork can be oscillated at a fixed frequency, the magnet

secured to the forked end. of the tuning fork and the
escape wheel can be magnetically combined with each
other and the escape wheel can be rotated at a fixed rotat-
ing speed.
tion.)

Further, in FIGURES 4 and 5 as the magnet is held be-

tween the escape wheel, both normal and reverse drives
can be used by oscillating the tuning fork, :

- As described above, the present invention has ad--

vantages in that the defects of the conventional magnetic
escapement can be completely eliminated, that the escape

wheel can be synchronized with the stable oscillatory mo-

tion of the tunmg fork and that magnetic escapement very
thh in precnsnon can be obtained with a simple mecha-
nism, .

What is claimed is:

-1, A magnetic escapement mechamsm compnsmg the

(This is called a reverse drive in this inven-

10
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combination of a pair . of - concentric, . rotatable. escape .

wheels spaced apart from each other and made of a mag-

.netic flux conducting material, a rigid mounting member,
a tuning fork having a base portion rigidly. secured to said
mounting member and a pair of tinés projecting from said
base portion into.the space. between said escape wheels,
means for magnetically coupling said tines to said escape
wheels whereby the rotation of said escape wheel is syn-
chronized with the oscillation of said tines.

2. A magnetic - escapement -mechanism as defined in
claim 1 wherein the tines of the tuning fork are magneti-
cally coupled to the escape-wheels by means of a magnet
centrally mounted between the  escape wheels and be-
tween the tines of the tuning fork.

3. A magnetic escapement mechanism comprising the
‘combination of a rigid mounting member, a tuning fork
having a :base. portion"rigidly sccured to said mounting
member and a’ pair of tines projecting from said ‘base
-portion, a-pair of magnets each of which is mounted on
one of said tines, and a rotatable escape wheel made of a
magnetic flax conducting material shaped to provide an
undulating magnetic track extending around said escape
wheel, “said escape wheel being disposed between said
magnets for magnetically coupling‘the tuning fork to
the escape wheel at two spaced points whereby the rota-
tion of said escape wheel is synchronized with the oscil-
lation-of the tuning fork.

4. A magnetic escapement mechanism comprising the
combination of a rigid ‘mounting member, a tuning fork
having a base portion rigidly secured to said mounting
member and a pair of tines projecting from said base
portion, a pair of magnets each of which is mounted on
one of said tines, and a rotatable escape wheel made of a
magnetic flux conducting material and disposed between
said magnets for magnetically coupling the tuning fork to

. the escape wheel at two spaced points, said escape wheel
being adapted to modify the reluctance between the poles
of each of said magnets in accordance with the prede-
termined frequency of said tuning fork whereby the rota-
tion of said escape wheel is synchronized with the oscilla-
tion of the tuning fork.

30
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having a base portlon rigidly secured to said mounting

.member and a pair of tines projecting from said base

portion, a pair of magnets ‘each of which is mounted on
one of said tines, and a rotatable escape wheel made of a

‘magnetic flux conducting material shaped to form a plu- °
- rality of radially extending, circumferentially spaced mag-

netic ‘teeth, said escape wheel being ‘mounted so that
said magnetic teeth pass between the magnetic poles of

both of said magnets so as to magnetically couple said--

tuning fork to the escape wheel at two spaced points

- whereby the rotation of said escape wheel is synchronized o

with the oscillation of the tuning fork.

6. A magnetic escapement mechanism comprising the .
combination of a rigid mounting member, a tuning fork
having a base portion rigidly secured to said mounting

- member and having a permanent magnet at each of the

forked ends, a rotatable escape wheel made of a.- mag-

_netic flux conducting material and having an undulating

magnetic track disposed between the magnetic poles of
both of ‘said permanent magnets so as to magnetlcally
couple the tuning fork and the escape wheel at two cir-
cumferentially spaced points on said undulating magnetlc
track whereby the rotation of the escape wheel is syn-
chronized with the oscillation of the tuning fork. '

7. A magnetic escapement mechanism’ comprising the

‘combination of a rotatable escape wheel made of a mag-: ‘

netic flux conducting material and shaped to provide an -
undulating magnetic track extending around said escape
wheel, a rigid mounting member, and a tuning fork hav-
ing a base portlon rigidly secured to said mounting mem-
ber and 4 pair of tines each having polar formations
adapted to follow the magnetic track on said escape wheel

_at two circumferentially spaced pomts whereby the speed

of rotation of the escape wheel is controlled by the fre-

quency of oscillation of the tuning fork and said polar

formations thereon. ,
8. A magnetic escapement mechanism comprising the
combination of a rigid mounting member, a tuning fork -
having a base portion rigidly secured to said mounting -
member and a pair of oscillatory tines projecting from::
said base’ portion, said tuning fork baving a perma-
nent magnet mounted on one of said tines and forming a

- pair of opposed magnetic poles of opposite polarity and

45
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5. A magnetic escapement mechanism comprising the -

' combmatlon of a rigid mounting member, a tuning fork

defining an open slot extending in the direction of oscil-
latory movement of the tines, said tuning fork having a
weight equivalent to said magnet in moment of inertia
attached to the other of said tines, and a rotatable escape
wheel made of a maghetic flux conducting material and
disposed within said slot for magnetically coupling the
tuning fork to the escape wheel, said escape wheel being

" adapted to modxfy the reluctance between said opposed
magnetic poles in-accordance with the predetermined fre-: -

quency of said tuning fork whereby the rotation of said’
escape whee] is synchronized with the oscillation of the
tuning fork.
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