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We, BuLova WatcH ComPaNy, INC., a
company organised and existing under the laws
of the State of New York, United States of
America, of Bulova Park, Flushing, 70, New
York, State of New York, United States of
America, do hereby declare the invention, for
which we pray that a patent may be granted
to us, and the method by which it is to be per-
formed, to be particularly described in and by
the following statement:—

This invention relates to a clock or watch
mechanism which incorporates pawl and
ratchet mechanisms for converting a vibratory
motion into a rotary motion. The invention has
particular applications to such a clock or watch
mechanism intended for assembly in electronic
devices for driving a clock or watch move-
ment, such as are disclosed in the complete
specification of Patent No. 761,609.

In the electronic device for driving a clock
or watch movement described in the complete
specification referred to above a mechanical
vibrator is associated with a resonant circuit
comprising a transistor and the driving of the
clock or watch movement is obtained either by
derivating electrical impulses from the resonant
circuit to feed a synchronous motor or by con-
verting the mechanica] vibeations of the vibra-
tor into a cotary motion.

Many satisfactory solutions have hitherto
been proposed in most of the engineering
branches for the conversion of a vibratory
motion into a rotary motion. Particular diffi-
culties arise, however, foi a mechanism of the
kind above indicated intended for driving a
watch or clock movement, owing to the high
vibration frequencies of the mechanical
vibrator and the requirement of a uni-
form rotary motion independent of the
amplitude of the vibrations of the mechanical
vibrator.

The main object of this invention is
therefore to provide a pawl and ratchet
mechanism which is adapted to be used in
association with an electronic device for
driving a clock or watch movement.

[Price 3s. 6d.]

Price s 04,

_Another object of this invention is to pro-
vide a pawl and ratchet mechanism wherein
the ratchet wheel forms a part of the clock or
watch movement,

Still another object of the invention is to
provide a paw! and ratchet mechanism wherein

the ratchet wheel is subjected to the action of -

a braking device, so that the angular velocity
of the ratchet wheel is wuniform and
independent of the vibration amplitude of the
mechanical vibrator. )

For a better understanding of this inven-
tion reference may be had to the following
description taken in connection with the
accompanying drawing which diagram-
matically shows, by way of example, some
embodiments of the invention,

In the drawing:—

Fig. 1 is an elevational view of a pawl and
ratchet mechanism embodying the present
invention;

Fig. 2 is an elevatjonal view of another pawl
and ratchet mechanism according to the
invention; )

Fig. 3 is a fragmentary sectional view of the
mechanism of Fig, 2; ) )

Fig. 4 is an elevational view of a pawl and
ratchet mechanism illustrating a meodification
of the invention;

Fig. 5 is a fragmentary sectional view of the
mechanism of Fig. 4;

Fig, 6 is a fragmentary elevational view of a
modification of the mechanism of Fig. 4;

Figs. 7A, 7B and 7C show different types of
gears which may be used for the ratchet wheel,
and

Figs. 8A and 8B show different forms of
the pawl which may be used in the mechanism
according to the invention.

Referring to the drawing, and more parti-
cularly to Fig. 1, there is shown a pawl and
ratchet mechanism comprising a ratchet wheel
1 fixedly mounted on an arbor 2 and forming a
part of a clock or watch movement, not shown.
A mechanical vibrator 3, diagrammatically
illustrated, is caused to vibrate in reciprocat-
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ing motion along the directions indicated by
the arrows 4 and 4, respectively. A pawl 3,
consisting of a resilient strip, is fixed at one
end thereof to the mechanical vibrator 3 and
therefore pawl 5 is subjected to the vibrations
of the mechanical vibrator 3. The free end of
the pawl 5 engages the teeth 6 of the ratchet
wheel. It follows that when the pawl 5 moves
in the forward direction, indicated in Fig. 1
by the arrow 4/, the {ree end of the pawl exerts
a pressure on the tooth 6 of the wheel 1, there-
by causing this wheel to rotate in the direction
of the arrow 7. When the pawl 5 moves in the
opposite direction, i.e. in the direction of the
arrow 4, its free end slides on the side of the
tooth 6, and because of the friction between
the pawl and the tooth side, the ratchet wheel
1 could be caused to rotate in the opposite
direction if suitable means were not provided
to prevent this reverse motion. In the embodi-
ment illustrated in Fig. 1 this means consists
of a leaf spring 8, one end of which is anchored
to a member 9 of the waich or clock frame by
any suitable means, for instance by the screw
10, and the other end of which rests on the
cylindrical surface of the arbor 2 of the ratchet
wheel 1, exerting a light pressure thereon.
From Fig. 1 it appears that the leaf spring 8
is mounted in a plane perpendicular to the
plane of the ratchet wheel 1, so that the pres-
sure exerted by the iree end of leaf spring 8
on the arbor 2 is directed perpendicularly to
the longitudinal axis thereof.

Since the described pawl and ratchet mech-
anism is intended for driving a clock or watch
movement, its various elements must satisfy
some precise requirements, in order that the
mechanism may function satisfactorily.

First of all, it is necessary that the ratchet
wheel 1 be caused to rotate an angle corre-
sponding to a single tooth pitch for each
impulse imparted by the pawl. From Fig. 1 it
may easily be seen that this requirement is
fulfilled when the total displacement of the
pawl 5 is greater than one but less than twice
the tooth pitch. In other words, if A is the
vibration amplitude of the vibrator 3 and p is
the tooth pitch of the wheel 1, the mazimum
displacement of the pawl 5 is 2A and the above
condition is expressed by the relationship:—

Pp<2A<2p.

On the other hand, the braking device
associated with the ratchet wheel 1 must not
only prevent the reverse motion of the latter
but also prevent that, if for casual circumstan-
ces, such as a shock, the amplitudes of the
vibrations of the pawl 5 are greater than the
normal value, the ratchet wheel 1 rotates an
angle corresponding to two or three teeth or
more. Accordingly, it is necessary that the
braking force acting on the ratchet wheel be
not greater than a predetermined value in
order to prevent an excessive power consump-
tion from the mechanical vibrator 3, on the
one hand, and on the other hand be not less

than another predetermined value in order that
the braking force be sufficient to prevent the
wheel to rotate, by virtue of its momentum,
for each impulse imparted by the pawl, an
angle corresponding to more than one tooth
pitch.

The maximum and minimum of this brakmg
force may be easily calculated.

Assuming, for the sake of simplicity, that
the vibration amplitude A of the pawl is equal
to the tooth pitch p of the ratchet wheel 1, ie.
assuming that A=p, the displacement x of the
pawl in terms of the time ¢ is, at each
moment: — .

x=psin of, @
where w=2rf, and f is the vibration frequency
of vibrator 3. The acceleration is then:—
M=—p w® sin of, 2
the maximum value of which is:—
XM =—p % 3)

Let ¢ be the moment of inertia of the ratchet
wheel 1 about its center, and 7 the distance of
this center to the working point of the force &
exerted by the pawl 5 on the tooth, the force
k may be expressed by the relationship: —

6
h=—— . p o’

: )
r

The power N requested by the braking
device and supplied by the vibrator 3 is given
by the relationship :—

¢

N=a¢.—— p*f, )
”
where @ is a constant depending upon the sys-
tem of measures used.

It appears from equation (5) that in order to
reduce to a minimum the power N it is neces-
sary that the moment of inertia ¢ and the tooth
pitch p of the ratchet wheel be as small as pos-
sible, especially when the frequency of the
vibrator 3 is relatively high, as is the case for
the pawl and ratchet mechanisms of the kind
described.

The pawl 5 must also satisfy precise require-
ments. First of all its stiffness must be suffi-
cient in order that its natural frequency f, be
higher than the vibration frequency f of the
mechanical vibrator 3. In the embodiment
illlustrated in Fig. 1, the pawl 5 consists of a
thin leaf of rectangular section. If b is the
thickness and ! the length of this leaf, the
natural frequency f, is:—

b
fe=c. 'l— ©
where ¢ is a constant depending on the elas-
ticity of the material forming the leaf spring
and the system of measures employed. The
dimensions b and [ may be therefore so chosen
that f.>f.

On the other hand, the pawl 5 must be
flexible enough so as to exert on the ratchet
wheel a force, the moment of which, multiplied
by the friction coefficient, is lower than the

70

75

80

85

90

o5

100

105

110

115

120



799,824

10

13

20

25

35

45

50

55

moment of the braking force exerted by the
braking device on the wheel. Should this con-
dition not be satisfied, the ratchet wheel 1
could be caused to rotate in the opposite direc-
tion upen the moving of the pawl in the back-
ward direction, as stated above.

Figs. 2 and 3 illustrate another embodiment
of the invention, wherein the braking spring
8 acts on the end face of the arbor 2 instead of
on the cylindrical surface thereof. In this case
the force exerted by the spring 8 is directed
along the longitudinal axis of the arbor, and
the spring 8 is mounted in a plane parallel to
the face of the ratchet wheel 1.

In the embodiments of the invention des-
cribed above the braking device acts on the
arbor 2 of the ratchet wheel 1. The braking
action may be obtained also by acting directly
on a surface of the ratchet wheel.

Referring to Figs. 4 and 5, there is shown a
pawl and ratchet mechanism embodying this
form of the invention. The braking device con-
sists of a sleeve 11 fixedly mounted at one end
thereof on the frame 9 of the clock or watch
movement. Sleeve 11 is so designed and moun-
ted that the free end thereof is in the vicinity
of the face of the ratchet wheel 1. Within the
sleeve 11 is slidably mounted a piug 13 of
suitable material, which plug is urged by a
coil spring 12 against the surface of the wheel
1. Plug 13 may be formed with any suitable
material provided that the coefficient of fric-
tion of the plug on the surface of the wheel
satisfy the requirements stated above,

Fig. 6 shows a modification of the construc~
tion of Figs. 4 and 5. In this case the braking
device consists of a leaf spring 14, the free end
of which has a form of a fork and exerts a
light pressure on an annular braking member
15, the inner diameter 2' of which is greater
than the diameter of the arbor 2, so that the
annular member 15 may be freely mounted on
arbor 2. The annular braking member 15 is
urged by the leaf spring 14 against the face
of the ratchet wheel (not shown) to exert the
desired braking action.

In the above described embodiments of the
invention the ratchet wheel 1 is provided with
a saw tooth gearing, as shown in Fig. 7A. It
will be noted, however, that the pawl and
ratchet mechanism according to this invention
permits to use a tooth gearing of any type for
the ratchet wheel 1. For instance the ratchet
wheel may be provided either with V-shaped
teeth with equal sides (Fig. 7B) or sinusoidal
gearing (Fig. 7C), the latter being particularly
advantageous when the tooth pitch p is very
small, since the sinusoidal gearing results in
a less expensive manufacture of the ratchet
wheel.

From the foregoing description it will be
seen that the pawl 5 acts on the teeth 6 of the
ratchet wheel by pressure. Alternatively, the
pawl 5 may operate by pulling action. Refer-
ring to Fig. 84, there is shown a pawl 3, the

free end of which is bent to form a hook 5
which engages the teeth 6 of the ratchet wheel
1. When the pawl 5 moves in the direction of
the arrow 4, the hook 5 pulls the tooth 6 thus
causing the ratchet wheel 1 to rotate. In the
reverse displacement of the pawl 5, ie. in the
direction of the arrow 4%, the hook 5* slips on
the tooth surface to engage the side of the
adjacent tooth 6.

Since the pawl and ratchet mechanism
according to this invention is intended for
driving a clock or watch movement, the wear
of the various elements thereof has to be taken
into consideration. The element of the mech-
anism which is especially subjected to wear
is the pawl 5 because of the high frequency of
its vibrations.

In order to reduce the wear of this element,
the pawl 5 may be formed with a very hard
material, such as hardened steel, glass, sin-
tered hard metal, or a gem stone, such as ruby
or sapphire.

However, the pawl 5 will preferably be
formed with a steel strip provided at the free
end with a gem stone. Such a pawl arrange-
ment is shown in Fig., 8B, wherein the pawl 5
of hardened steel is provided at its free end
with a gem stone 16 engaging the teeth of the
ratchet wheel 1. In another embodiment of the
invention (not shown) the gem stone 16 is
mounted to form an acute angle with respect
to the pawl portion 5', so that the pawl has a
hooked free end such as that illustrated in Fig,
8A. While the invention has been described
and illustrated with reference to specific
embodiments thereof, it will be understood
that other embodiments may be resorted to
without departing from the invention. Accord-
ingly, the forms of the invention set out above
should be considered as illustrative and not as
limiting the scope of the following claims.

WHAT WE CLAIM IS:—

1. A clock or watch mechanism including a
mechanical vibrator of which the vibratory
motion is converted into rotary motion for
driving the movement by pawl and ratchet
mechanism, comprising a ratchet wheel, a
pawl operatively associated with said ratchet
wheel, and a braking device, one end of said
pawl being fixed to said mechanical vibrator
so that the pawl is subjected to forward and
backward displacements according to the
vibrations of said vibrator, the other end of
the pawl engaging the teeth of said ratchet
wheel so as to cause the same to rotate in one
direction, the braking device acting on said
ratchet wheel to limit the angular displace-
ment thereof in said one direction to an angle
corresponding to a single tooth pitch and pre-
vent said ratchet wheel from rotating in the
opposite direction, said pawl being so con-
structed that its natural frequency is higher
than the vibration frequency of the mechanical
vibrator and the moment of the force exerted
by said pawl on said ratchet wheel upon its
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backward displacement multiplied by the fric-
tion coefficient is lower than the moment of the
braking force exerted by said braking device
on said ratchet wheel.

2. A clock or watch mechanism according to
Claim 1, in which said braking device consists
of a leaf spring, one end of which is fixed to
the frame of the clock or watch movement and
the other end of which bears on the staff of
said ratchet wheel so as to exert a braking
force thereon.

3. A clock or watch mechanism according to
Claim 2, in which said leaf spring lies in a
plane perpendicular to the face of said ratchet
wheel, the free end of said leaf spring bearing
on the cylindrical surface of the staff of said
ratchet wheel so as to ezert on said staff a
pressure perpendicular to the longitudinal axis
thereof.

4. A clock or watch mechanism according to
Claim 2, in which said leaf spring lies on a
plane parallel to the face of said ratchet wheel,
the free end of said leaf spring bearing on the
end face of the staff of said ratchet wheel so
as to exert on said staff a pressure directed
along the longitudinal axis thereof.

5. A clock or watch mechanism according to
Claim 1, in which said braking device con-
sists of a sleeve anchored at one end thereof
to the frame of the clock or watch movement
and extending toward one face of said ratchet
wheel, a plug of suitable material being slid-
ably mounted within said sleeve and being sub-
jected to the action of spring means to bear
against said face of the ratchet wheel.

6. A clock or watch mechanism according
to Claim 1, in which said braking consists of
an annular member freely mounted on the staff
of said ratchet wheel, said annular member
being urged by spring means against the face
of said ratchet wheel.

7. A clock or watch mechanism according to
any of the preceding Claims 1 to 6, in which

said pawl consists of a resilient strip which
.acts by pressure on the teeth of said ratchet

wheel.

8. A clock or watch mechanism according to
any of the preceding Claims 1 to 6, in which
the free end of the pawl is bent to form a hook
engaging the teeth of said ratchet wheel so as
to exert thereon a pulling action.

9, A clock or watch mechanism according to
Claim 7, in which the built up end of said
paw! consists of a gem stone, such as a ruby or
a sapphire.

10. A clock or watch mechanism according
to Claim 8, in which the hook of said pawl
consists of a built up piece of hard material.

11. A clock or watch mechanism according -

to Claim 10, in which the hook of the pawl
consists of a gem stone, such as a ruby or a
sapphire. '

12, A clock or watch mechanism, substan-
tially as hereinbefore described with reference
to the accompanying drawings.

13. A time-plece including a mechanism
as claimed in any one of the preceding claims.
HASELTINE, LAKE & CO.,
Chancery Lane, London, W.C.2,
Agents for the Applicants.

Leamington Spa: Printed for Her Majesty’s Stationery Office, by the Courier Press,—1958.
Published at the Patent Office, 25, Southampton Buildings, London, W.C.2, from which
coples may be obtalned.
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This drawing is a reproduction of
the Original on a reduced scale.
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