- Oct. 9, 1962 M. HETZEL 3,057,147

MOTION CONVERTER

Filed July 30, 1956

2 Sheets-Sheet 1

N

AMAALINAR AR
]

FlG. 15

INVENTOR:

May Hetzel
INNNNEG 14 W Diitect f bra,

a;t.



Oct. 9, 1962 M. HETZEL 3,057,147
MOTION CONVERTER
' Filed July 30, 1956 2 Sheets-Sheet 2

J AN
\-rs 74
N

BN |

(22277

INANNNANN

~~—— F/G. /0
1003 —
e FIG. 12
S
INVENTOR:!

1002 , Max Hetzef

 Dnichuct A A,
FIG.I6 i Iekad



United States Patent Off;

3,057,147
Patenied Oct. 9, 1962

iCC

1

3,057,147
MOTION CONVERTER
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12 Claims. (CL 58—23)

The present invention relates to a motion converter.
More particularly, the present invention relates to a mo-
tion converter capable of converting the oscillatory move-
ment of a mechanical vibrator into rotary movement.
The motion converter may thus be used in a timepiece
which includes a vibrator as well as suitable means for
oscillating the same wherein the rotary movement ob-
tained from the converter drives the timepiece mecha-
nism. The timepiece may be of the type disclosed in co-
pending applications Serial No. 436,949 filed June 15,
1954, now abandoned, Serial No. 485,781 filed February
2, 1955, now abandoned, Serial No. 547,510 filed No-
vember 17, 1955, now abandoned (said application Serial
No. 547,510 being a continuation of application Serial
No. 463,462 filed October 20, 1954, now abandoned),
Serial No. 565,451 filed February 14, 1956, now Patent
No. 2,888,582, May 26, 1959, Serial No. 565,452 filed
February 14, 1956, now Patent No. 2,949,727, Aug. 23,
1960, Serial No. 570,958 filed March 12, 1956, Serial No.
580,813 filed April 26, 1956, now Patent No. 2,908,174,
Oct. 13, 1959, Serial No. 584,709 filed May 14,. 1956,
now Patent No. 2,960,817, Nov. 22, 1960 and Serial No.
588,409 filed May 31, 1956, now Patent No. 2,900,786.

The above-mentioned copending applications concern
themselves with an electric timepiece which incorporates
suitable electrical means for oscillating a mechanical vi-
brator, the latter preferably being in the form of a tuning-
fork type vibrator. A reciprocatable drive element, such
as a pawl, is attached to one of the tines of the vibrator
and cooperates with a ratchet wheel so as to cause ro-
tation thereof during oscillation of the tines. The pawl
reciprocates with a stroke the length of which is de-
pendent upon the ampliiude of oscillation of the tines,
and the electrical means for oscillating the tines are
capable of normally maintaining the amplitude of oscil-
lation of the tines within a range wherein the stroke of
reciprocation of the pawl, in a direction substantially
tangent to the ratchet wheel at the point of contact or
engagement between the pawl and the ratchet wheel, is
at least as great as the pitch of the ratchet teeth but
is not greater than twice this pitch. In this way, each
oscillation of the tines causes the ratchet wheel to be
rotated throughout an angular distance which corresponds
to the pitch of the ratchet teeth. Thus, the rotational
speed of the ratchet wheel is exactly proportional to the
frequency of oscillation of the tines, and since the latter
may be maintained constant with an extremely high de-
gree of accuracy, the rotational speed of the ratchet
wheel and of the timepiece mechanism, which it drives
is similarly maintained constant with the same high de-
gree of accuracy.

In practice, the pawl or other drive element includes
a leaf spring which is attached at one of its ends to one
of the tines of the vibrator and which at its other end,
either directly or through the intermediary of an engag-
ing element, contacts the ratchet teeth, so that when the
pawl moves forwardly in one direction, it engages the
ratchet wheel positively and causes the same to rotate
in one angular direction, whereas when the pawl moves
backwardly in the opposite direction it engages the ratchet
wheel frictionally and causes, or at least tends to cause,
the same to rotate in the opposite angular direction. It
will be understood that if the pawl were permitted so to
rotate the ratchet wheel in this opposite direction, the
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pawl might not, upon completing its backward stroke,
come into engagement with the next ratchet tooth. In-
stead, the pawl might remain in engagement with the
same tooth so that each reciprocation of the pawl would
not necessarily result in the proper angular displacement
of the ratchet wheel, thereby adversely affecting the ac-
curacy of the timepiece.

Moreover, once the pawl has completed its forward
movement and commenced its backward movement, the
ratchet wheel, although no longer subject to the driving
action of the pawl, will tend to continue it rotation simply
under the influence of its own inertia or momentum, as
well as that of the timepiece mechanism which the ratchet
wheel drives. If this were permitted to occur, successive
reciprocations of the pawl would not necessarily find the
same in engagement with successive ratchet teeth, thereby
again adversely affecting the accuracy of the timepiece.

It is therefore an object of the present invention to
overcome the above disadvantages.

It is another object of the present invention to provide
an electric timepiece incorporating a motion converter
capable of converting the oscillatory movement of a me-
chanical vibrator into the rotary movement of a time-
piece mechanism wherein undesired rotation of the time-
piece mechanism, ie., rotation other than forward ro-
tation under the influence of anything other than the
vibrator, is prevented.

It is yet another object of the present invention to
provide a motion converter capable of comverting the
oscillatory movement of a mechanical vibrator into the
rotary movement of a timepiece mechanism wherein the
speed of rotation of the timepiece mechanism is main-
tained exactly proportional to the frequency of oscil-
lation of the vibrator.

It is a still further object of the present invention to
provide a motion converter capable of converting me-
chanical oscillations into rotary movement wherein ths
rotational speed produced is exactly proportional to fre-
quency of the mechanical oscillations.

It is a still further object of the present invention to
provide a motion converter capable of transforming the
oscillatory motion of a vibrator into rotary motion
wherein the transformation takes place with maximum
efficiency.

The objects of the present invention further include
the provision of an extremely accurate timepiece which
may readily be mass-produced at low cost.

With the above objects in view, the present invention
mainly resides in that improvement in a timepiece incor-
porating a timepiece mechanism which includes a base,
a timepiece mechanism actuator rotatably mounted on
the base and operatively associated with the timepiece
mechanism for actuating the same during rotation of
the actuator in one angular direction, reciprocatable driv-
ing means for driving the actuator and cooperating there-
with in such a manner that when the driving means moves
in one direction it engages the actuator and causes the
same to rotate in this one angular direction, and means
for limiting rotation of the actuator to rotation in this
one angular direction. Preferably, the last mentioned
means limit rotation of the actuator to rotation in this
one angular direction by the driving means during pe-
riods while the same is in motion-transmitting engage-
ment with the actuators and also prevent rotation of the
actuator in the opposite angular direction.

According to the preferred embodiment of the present
invention, the acuator is a ratchet wheel and the driving
means is a pawl, the latter cooperating with the former
in such a manner that when the pawl moves forwardly
in one direction, it engages the ratchet wheel positively
and causes the same to rotate in the one angular direc-
tion. When the pawl moves backwardly in the opposite
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direction, it engages the ratchet wheel frictionally and
causes the same to rotate in the opposite angular direc-
tion. Brake means are provided which frictionally en-
gage the ratchet wheel with a braking force which is suf-
ficiently great to prevent rotation of the ratchet wheel in
this opposite angular direction during backward move-
ment of the pawl and which braking force is also suffi-
ciently great to prevent rotation of the ratchet wheel in
the cne angular direction under the influence of its in-
ertia after the pawl has completed its forward movement
and commenced its backward movement.

According to a preferred embodiment of the present
invention the pawl is connected to a mechanical vibrator
which is carried by the base and is oscillatable relative
thereto about an axis of oscillation. The pawl is at-
tached to the vibrator at a point thereof that lies on a
line which passes through the point of engagement be-
tween the pawl and the ratchet wheel and is normal to
a line passing through this point of engagement and
through the axis of oscillation. In this way, the pawl
reciprocates along a path which passes through the peint
of engagement between the pawl and the ratchet wheel,
which path is substantially tangent to a circle having its
center at the axis of oscillation and passing through this
point of engagement,.

The novel features which are considered as character-
istic for the invention are set forth in particular in the
appended claims. The invention itself, however, both as
1o its construction and its method of operation, together
with additional objects and advantages thereof, will be
best understood from the following description of specific
embodiments when read in connection with the accom-
panying drawings in which:

FIG. 1 is a fragmentary view, partly in section, of
one embodiment of a motion converter according to the
present invention;

FIG. 2 is a fragmentary view of a motion converter
according to the present invention incorporating a modi-
fied pawl;

FIG. 3 is a fragmeentary view of a motion converter
according to the present invention incorporating another
modified pawl;

FIG. 4 is a fragmentary perspective view of yet an-
other pawl adapted to be used in a motion converter
according to the present invention, the figure further
showing a mounting arrangement by which the pawl can
be secured to the tine of a tuning-fork type vibrator;

FIG. 5 is a fragmentary perspective view of a modified
friction brake adapted to be used in a motion converter
according to the present invention;

FIG. 6 is a diagrammatic view of another modified
friction brake adapted to be used in a motion converter
according to the present invention;

FIG. 7 is a sectional view taken along line 12—12 of
FIG. 11;

FIG. 8 is a diagrammatic view of yet another modified
friction brake adapted to be used in a motion converter
according to the present invention, the view being taken
along line 13—13 of FiG. 14;

FIG. 9 is a sectional view taken along line 14—14 of
FIG, 13;

FIG. 10 is a diagrammatic view of a still further modi-
fied friction brake adapted to be used in a motion con-
verter according to the present invention;

FIG. 11 is a sectional view taken along line 16—16 of
FIG. 15;

FIG. 12 is a fragmentary view, partly in section, of
yet another embodiment of a motion converter according
to the present invention;

FIG. 13, 14 and 15 show different types of ratchet
teeth shapes which the ratchet wheel may have; and

FIG. 16 is a diagrammatic illustration of another fea-
ture of the present invention.

The oscillations of the tuning fork must, in order to
be useful in a timepiece of the type described, be con-

10

20

30

40

45

50

60

65

70

75

4
verted into a rotary movement. This conversion can take
place by the transmission or motion converter mecha-
nism illustrated in FIG. 1. .

The motion converter includes, a pawl constituted by
a leaf spring 181 which is attached at one end thereof
to the vibrator 182 (one tine of the tuning fork) and
which engages at its other end the ratchet wheel 103,
there being no separate tooth. The braking means, is
constituted by a second leaf spring 164 one end of which
is frictional engagement with an outer peripheral friction
surface of a shaft 165 which is rotatable with the ratchet
wheel 193. The leaf spring 164 is secured at its other
end to -a member 105 of the timepiece base plate by
means of a screw 107, and is arranged in a plane sub-
stantially normal to the plane of rotation of the ratchet
wheel so that the pressure exerted by the free end of
the leaf spring 104 is substantially perpendicular to the
axis about which the ratchet wheel 103 and the shaft 105
rotate.

It will readily be seen from this figure that during for-
ward movement of the pawl in the direction of the arrow
168, it is in positive motion-transmitting engagement with
the ratchet wheel, whereas during backward movement
in the direction of the arrow 189, the pawl is in frictional
engagement with the face of the particular ratchet tooth
with which the pawl is in engagement. As set forth
above, backward rotation of the ratchet wheel in the di-
rection of the arrow 110 is prevented by the leaf spring
164, as is forward rotation in the direction of the arrow
111 due to inertia after the pawl has completed its for-
ward and commenced its backward movement.

While the leaf spring 101 in the embodiment shown in
FIG. 1 cooperates with the ratchet wheel in such manner
that during each forward stroke of the pawl the vibrator,
through the intermediary of this leaf spring, exerts .a
pushing force upon the particular ratchet tooth with which
the leaf spring is in engagement, the leaf -spring 201
shown in the embodiment of FIG. 2 has a hooked free
end so that the vibrator 202 exerts a pulling force on the
teeth of the ratchet wheel 203.

In the embodiment shown in FIG. 3 the leaf spring
301 carries at its free end a separate engaging element
or tooth 3014 which, as set forth above, may be a precious
jewel. The tooth may be wider than the leaf spring and
project ahead of the latter, and be formed with a relative
sharp edge 3915. If desired, a tooth of this type may be
incorporated in a pawl device wherein the leaf spring has
a hooked free end, as is shown in FIG. 2.

The embodiment shown in FIG. 4 differs from the
above-described one in that the engaging tooth 401a
carried by the leaf spring 401 is substantially block-
shaped. Also, FIG. 4 shows how the leaf spring may be
attached to the vibrator 402, the latter being formed with
a relatively shallow bore which does not extend more
than about one quarter of the way through the tine of
the vibrator. The leaf spring 461 is soldered or other-
wise attached to a mounting pin 401c and this pin is in-
serted into the bore of the tine.

FIG. 5 is a fragmentary perspective of another em-
bodiment of a friction brake arrangement according to
the present invention. It differs from that shown in
FIG. 1 in that the brake leaf spring 504 carries an en-
gaging element 5044 which frictionally engages an outer
peripheral friction surface of the shaft 582 with which
the ratchet wheel (not shown) rotates. The engaging
element has an engaging surface which is curved about
an axis transverse to the axis about which the shaft 502
rotates so that this engaging surface is in point contact
frictional engagement with the shaft.

In the embodiment shown in FIGS. 6 and 7 the ratchet
wheel 603 rotates with a shaft 605 which has a free end
face 605a4. The latter is frictionally engaged by the free
end of the leaf spring 604 which at its other end is at-
tached to a member 686 of the timepiece base plate by
means of a screw-607. Thus, the instant embodiment
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differs from the braking means shown above in that the
leaf spring acting as the braking element does so on an
end face of the shaft instzad of a peripheral surface
thereof.

FIGS. 8 and 9 show an embodiment of a friction brake
arrangement wherein the ratchet wheel 703 is so shaped
as to have an annular friction surface portion 703a
shown in dot-and-dash lines in FIG. 8. This friction
surface portion may simply be part of one of the faces
of the ratchet wheel 703 and thus lies in a plane trans-
verse to the axis about which the ratchet wheel rotates.
The annular frictional surface is engaged by an engaging
element or plunger 764a which is slidably arranged with-
in a tubular guide element 7¢7. The latter extends in a
direction normal to the annular friction surface and is
secured to a member 786 of the timepiece base plate.
A compression spring 764 is interposed between the
plunger 704a and the member 706 and constantly urges
the plunger into frictional engagement with the annular
friction surface portion 703a.

In the embodiment shown in FIGS. 10 and 11, the
ratchet wheel 803 rotates together with a shaft 895 and, as
in the above described embodiment, is so shaped as to have
an annular friction surface portion 8034 which may simply
be part of the one of the ratchet wheel faces. An an-
nular engaging element 804a encompasses the shaft 805,
is freely rotatable relative thereto and is arranged ad-
jacent the ratchet wheel 803. The engaging element
8044 is pressed into face-to-face contact and thus into
frictional engagement with the friction surface portion
803a by a leaf spring 894, the latter being formed with
a bifurcated free end portion the arms of which engage
the element 864a on diametrically opposite points rela-
tive to the shaft 805. The leaf spring 804 is attached at
its other end to the timepiece base plate by means of a
screw 807.

In the embodiment shown in FIG. 12, the ratchet
wheel 903 which is driven by a pawl leaf spring 961 at-
tached to the vibrator 902, cooperates with a second leaf
spring 904 attached at one end to a member 966 of the
timepiece base plate by means of a screw 967. The leaf
spring 994 is not only in friction engagement with the
particular tooth with which it is in contact, but also acts
as a pawl for preventing backward rotation of the ratchet
wheel.

In any of the above-described embodiments the teeth
of the ratchet wheel may have any suitable configura-
tion. For example, the teeth may have the rip-saw
tooth configuration shown in FIG. 13, the V-shaped con-
figuration shown in FIG. 14, or the undulatory con-
figuration shown in FIG. 15.

- FIG. 16 is a diagrammatic illustration of another fea-
ture of the present invemtion which incorporates a vi-
brator 1801. The same may be of the tuning-fork type
having a base portion 1062 and a pair of tines 1063 and
1004 which may be vibrated in any suitable manner. The
vibration of each of the tines is in the nature of an ar-
cuate oscillation about a corresponding nodal point in
the stem of the fork, which point may be termed an
axis of oscillation, the same being shown at 16934 and
10044, respectively. The tine 1004 carries a pawl 1005
cooperating with a ratchet wheel 1006 which is rotatable
about an axis of rotation normal to the plane within
which the tines 1603 and 1004 oscillate. The pawl 1005
engages the ratchet wheel 1666 at a point g so as to
rotate the same during oscillation of the tine 1004, and is
attached to the tine 1084 at an attachment point 16045,
this point being so sclected that it lies in a line b which
passes through the point ¢ and which is normal to a sec-
ond line ¢ that passes through the point ¢ and through
the axis of oscillation 18644 of the tine 1004. Thus,
when the tine 1004 is oscillated, the pawl 1665 is re-
ciprocated along a path which passes through the point
of engagement a and which is tangent to a circle d hav-
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ing its center at the axis of oscillation 10844 and passing
through the point a.

By virtue of the above arrangement, the entire driving
force of the vibrator, rather than merely a component
thereof, is transmitted to the ratchet wheel 1886, thus
permitting the vibrator operate at maximum efficiency.
This, in turn, reduces the power required to drive the
vibrator so that even a very small battery can for very
long periods supply the timepiece with the necessary
energy.

It has been found that in order to insure proper positive
engagement between the pawl and the ratchet wheel, the
path along which the pawl reciprocates should be inclined
to a line tangent to the ratchet wheel at the point of en-
gagement between the paw! and the ratchet wheel. In
the FIG. 16 the vibrator 1891 and ratchet wheel 1006
are shown as being so arranged relative to each other
that the line b, which is the path along which the pawl
1005 reciprocates, forms an angle e with a line f tangent to
the ratchet wheel at the point a. This angle ¢ may be
of the order of approximately 30°.

It will be understood that each of the elements de-
scribed above, or two or more together, may also find a
useful application in other types of motion converters
differing from the types described above.

While the invention has been illustrated and described
as embodied in an electric timepiece, it is not intended
to be limited to the details shown, since various modi-
fications and structural changes may be made without de-
parting in any way from the spirit of the present inven-
tion. For example, the vibrator may have a configura-
tion other than that illustrated in the instant application,
and be shaped as is shown in copending application
Serial No. 565,451. Also, the balance weight carried by
one of the tines may be replaced by a magnetic drum
similar to that carried by the other tine, in which event
each magnetic drum cooperates with one of the two coils
forming part of the electrical oscillating means, as dis-
closed in copending application Serial No. 570,958.
Moreover, the abutment means which limit the maximum
possible amplitude of oscillation may be constructed dif-
ferently, for example, as disclosed in copending applica-
tion Serial No. 570,958.

Still further, a timepiece incorporating a motion con-
verter according to the present invention may be aranged
as disclosed in copending application Serial No. 588,409,

Additionally, the exact construction of the braking
means need not be limited to those shown in the above-
described embodiments. For example, the leaf spring
forming part of the brake may engage a separate friction
wheel which rotates together with the ratchet wheel.
Alternatively, such leaf spring may, without acting as a
pawl, engage the crests of the ratchet teeth which together
form a discontinuous outer peripheral friction surface.
In this connection reference may be had to application
Serial No. 463,462, now abandoned, and to copending ap-
plications Serial No. 547,510 and Serial No. 580,813,

Without further analysis, the foregoing will so fully
reveal the gist of the present invention that others can
by applying current knowledge readily adapt it for various
applications without omitting features that, from the
standpoint of prior art, fairly constitute essential charac-
teristics of the generic or specific aspects of this inven-
tion, and therefore, such adaptations shounld and are in-
tended to be comprehended within the meaning and range
of equivalence of the following claims,

- What is claimed as new and desired to be secured by
Letters Patent is:

1. In a timepiece having a timepiece mechanism, in
combination, a base; ratchet wheel means rotatably
mounted on said base and being operatively associated
with said timepiece mechanism for actuating the same
during rotation of said ratchet wheel means in one angu-
lar direction; pawl means for driving said ratchet wheel
means and cooperating therewith in such a manner that
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when said paw! means moves forwardly in one direction
it engages said ratchet wheel means positively and causes
the same to rotate in said one angular direction and that
when said pawl means moves backwardly in the opposite
direction it engages said ratchet wheel means frictionally
and tends to cause the same to rotate in the opposite
angular direction; a tuning fork vibrator carried by said
base and having a tine connected to said pawl means for
reciprocating the same during oscillation of said tine;
said tine, said pawl means and said ratchet wheel lying
in the same plane and braking means frictionally en-
gaging said ratchet wheel means with a braking force
which is sufficiently great to prevent rotation of said
ratchet wheel means in said opposite angular direction
during backward movement of said paw! means, and
which braking force is also sufficiently great to prevent
rotation of said ratchet wheel means in said one angular
direction under the influence of its inertia after said pawl
means has completed its forward movement and com-
menced its backward movement, said tine vibrating about
an axis of oscillation, said pawl being connected to said
tine at a point which lies on a first line passing through
the point of engagement with said ratchet wheel, which
first line is normal to a second line extending from said
point of engagement to said axis of oscillation, said
ratchet wheel lying adjacent the upper end of said tine,
the line extending through said pawl means and passing
through said point of engagement forming with a line
tangential to said ratchet wheel and also passing through
said point of engagement an angle of about 30 degrees.

2. The combination defined in claim 1 wherein the
natural frequency of said pawl means is at least twice as
great as that of said vibrator.

3. The combination defined in claim 1 wherein said
pawl means include a leaf spring attached at one end
thereof to said vibrator and engaging at the other thereof
said ratchet wheel means.

4. The combination defined in claim 1 wherein said
ratchet wheel means is formed with an annular friction
surface portion lying in a plane transverse to the axis
about which said ratchet wheel means is rotatable, and
wherein said braking means act in a direction normal to
said annular friction surface portion and frictionally en-
gage the same.

5. The combination defined in claim 4 wherein said
braking means include an engaging element mounted for
movement in said direction normal to said annular fric-
tion surface portion of said ratchet wheel means and a
spring constantly urging said engaging element into fric-
tional engagement with said annular friction surface
portion.

6. The combination defined in claim 4 wherein said
braking means include a tubular guide element which is
carried by said base and which extends in a direction nor-
mal to said annular friction surface portion and is in
alignment therewith, an engaging element slidably  ar-
ranged within said tubular guide element and adjacent
said annular friction surface portion, and a compression
spring interposed between said engaging element and said
base and constantly urging said engaging element into
frictional engagement with said annular friction surface
portion.

7. The combination defined in claim 4 wherein said
braking means include an annular engaging element adja-
cent said annular friction surface portion of said ratchet
wheel means, and spring means constantly urging said
engaging element into face-to-face contact and thus into
frictional engagement with said annular friction surface
portion.

8. The combination defined in claim 1 wherein said
ratchet wheel means is formed with ratchet teeth having
a substantially rip-saw tooth configuration.

9. The combination defined in claim 1 wherein said
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8,
ratchet wheel means is formed with ratchet teeth having
a substantially V-shaped configuration.

10. The combination defined in claim 1 wherein said
ratchet wheel means is formed with ratchet teeth having
a substantially undulatory configuration.

11. In a timepiece having a timepiece ‘mechanism, in
combination, . a base; ratchet wheel means ' rotatably
mounted on said base and being operatively associated
with said timepiece mechanism for actuating the same
during rotation of said ratchet wheel means in one angu-
lar direction; pawl means for driving said ratchet wheel
means and cooperating therewith in such a manner that
when said pawl means moves forwardly in one direction
it engages said ratchet wheel means positively and causes
the same to rotate in said one angular direction and that
when said pawl means moves backwardly in the opposits
direction it engages said ratchet wheel means frictionally
and tends to cause the same to rotate in the opposite an-
gular direction; a tuning fork vibrator carried by said
base and having a tine connected to said pawl means for
reciprocating the same during oscillation of said vibrator,
said tine, said pawl means and said ratchet wheel lying
in the same plane said tine being oscillatable about an
axis of oscillation and said pawl means being attached
to said tine at a point thereof that lies on a line which
passes through the point of engagement between said
pawl means and said ratchet wheel means and is normal
to a line passing through said point of engagement and
through said axis of oscillation; and braking means fric-
tionally engaging said ratchet wheel means with a braking
force which is sufficiently great to prevent rotation of
said ratchet wheel means in said opposite angular direc-
tion during backward movement of said pawl means, and
which braking force is also sufficiently great to prevent
rotation of said ratchet wheel means in said one angular
direction under the influence of its inertia after said pawl
means has completed its forward movement and com-
menced its backward movement, said ratchet wheel lying
adjacent-the upper end of said tine, the line extending
through said pawl means and passing through said point
of engagement forming with a line tangential to said
ratchet wheel and also passing through said point of en-
gagement an angle of about 30 degrees.

12. In a timepiece having a timepiece mechanism, in
combination, a base; ratchet wheel means rotatably
mounted on said base and being operatively associated
with said timepiece mechanism for actuating the same
during rotation of said ratchet wheel means in one angu.
lar direction; paw!l means for driving said ratchet wheel
means and cooperating therewith in such a manner that
when said pawl means moves forwardly in one direction
it engages said ratchet wheel means positively and causes
the same to rotate in said one angular direction and that
when said pawl means moves backwardly in ‘the oppo-
site direction it engages said ratchet wheel means fric-
tionally and causes the same to rotate in the opposite
angular direction; a tuning fork vibrator carried by said
base and having a tine connected to said pawl means for
reciprocating the same during oscillation of said vibrator,
said tine, said pawl means and said ratchet wheel lying in
the same plane, said tine being oscillatable about an axis
of oscillation and said pawl means being attached to said
tine at a point thereof that lies on a line which passes
through the point of engagement between said pawl
means and said ratchet wheel means and is normal to a
line passing through said point of engagement and
through said axis of oscillation; and means engaging said
ratchet wheel means with a braking force to prevent rota-
tion of said ratchet wheel means in said opposite angu-
lar direction during backward movement of said pawl
means, said ratchet wheel lying adjacent the upper end
of said tine, the line extending through said pawl means
and passing through said point of engagement forming
with a line tangential to said ratchet wheel and also
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passing through said point of engagement an angle of
about 30 degrees.
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