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The present invention relates in general to
clocks of the electromagnetically- driven balance
type, such as are used in automobiles, for ex-
ample; and the object of the invention is to pro-
duce a new and improved clock of this character.

The invention is concerned more in particular
with the arrangement for controlling the circuit
of the electromagnet which drives the balance.
This arrangement preferably includes a switch
comprising a relatively fixed contact and a mov-
able contact mounted on a flexible contact spring,
together with means for periodically actuating
the contact spring to close the circuit of the elec-
tromagnet. For actuating the contact spring a
permanent magnst on the balance arbor may be
employed, cooperating with an armature on the
contact spring.

The arrangement described in the foregoing
operates very satisfactorily, and is especially re-
liable as regards starting of the clock; hut is
nevertheless subject to a small amount of sporadic
trouble due to the contacts “sticking” or failing
to separate promptly when the actuating force is
removed. The invention is directed specifically
to the elimination of trouble from this source.

According to a feature of the invention means
are provided for accurately adjusting the air gap
between the permanent magnet and its armature,
both in the operated and unoperated positions of
the armature. This results in a more eficient
magnetic structure which makes it possible to use
& stiffer contact spring and thus greatly reduce
the possibility of the contacts sticking together.
Means is also provided for accurately adjusting
the tension of the contact spring.

According to another feature of the invention
means Is provided for positively separating the
contacts In the event that sticking should take
place and for performing this function in timed
relation to the release of the armature by the
bPermanent magnet so that the motion of the bal-
ance is not interfered with. In one embodiment
of the invention this means has the form of a
device supported on the balance arbor which en-
gages the armature, in the event of contact stick-
ing, and mechanically separates the contacts. In
& modified form of the invention a polarized ar-
mature is employed and the permanent magnet is
provided with pole pieces which cooperate with
the polarized armature to restore the contact
spring by magnetic repulsion.

The invention will be described in detail here-
Inafter, reference being had to the accompanying
drawings, in which—

Fig. 1 is a rear view of an aubbmobﬂe clock em-
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bodying the invention, with the back frame plate
removed to expose the electromagnet and other
parts;

Fig. 2 is a section on the line 2—2, Fig. 1, show-
Ing the permanent magnet and the contact sepa-
rating attachment which is assoclated therewith:

Fig. 3 is a plan view of the sheet metal stamp-
ing from which the contact separating attach-
ment is formed; )

Fig. 4 is a section through the permanent mag-
net on the line 4, Fig. 2;

Figs. 5 and 6 and fragmentary views which will
be used in explaining the operation of the contact
separating attachment: and

Fig. 7 shows a modified form of the contact
separating device, operating on the prineiple of
magnetic repulsion.

The gear train, drive mechanism, and other
parts not concerned with the invention have been
omitted from the drawings. For a full disclosure
of these detalils reference may be made to Patent
No. 2,356,983, granted Aug, 29, 1944, and Patent
No. 2,357,645, granted Sept. 5, 1944,

Referring to the drawings, the various parts of

the clock are mounted on a frame which com-
prises the front plate 2, the center plate 3 and
the back plate 4. These plates are held together
in spaced relation by means of the posts or pillars
5, 6 and 1, of which only posts 5 and § are shown
in Fig. 2. The back plate 4 is removable without
disturbing any of the other parts and is not shown
in Fig. 1. The frame is of known construction,
except for the bridge member 8 which extends be-
tween the posts § and §, as seen in Figs. 1 and 2.
This bridge member is Preferably made from
rather heavy stock and serves to stiffen the frame,
which is thus given ample strength and rigidity
independent of the back plate 4.
" The bridge member § also serves to support the
adjusting screws 8, 10 and i{, the function of
which will be explained more fully later on.
Suffice it to say at this point that since the screws
are carried on the bridge member 4, which is a
rigid and substantial part of the frame, they can
be given a final and complete adjustment during
the assembly of the clock and before the back
plate 4 {s attached. '

The clock includes a balance comprising the
ring 12 which is supported on the four pole arma-
ture 13. The armature is in turn supported on
the arbor 14, which s provided with suitable bear-
ings in the frame plate 3, see down-turned part
The usual hair-
spring is provided, and is lacated inside the bal-
ance ring 12,
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The balance is driven by an electromagnet

which comprises the winding 18, core 18, and the -

pole pieces 20 and 2i. The pole pleces are sup-
ported on the frame plate 3 as shown. The wind-
ing 18 is carried on a spool of insulating ma-
terial which is clamped between the ends of, the
pole pieces by means of nuts threaded onto the
opposite ends of the core 13. The terminal mem-
bers 22 and 23 are inserted between the pole
pieces and the spool heads and are insulated from
the former by means of insulating washers. The
ends of the winding 18 are connected to the ter-
minal members 22 and 23, respectively. A con-
denser 25 and a resistor 26 are connect=d in series
between the terminal 23 and the frame plate 3,
as shown.

The details of the construction of the electro-
magnet spool and terminals are shown and de-
seribed in Patent No. 2,357,645, previously re-
ferred to.

The switch for controlling the circuit of the
electromagnet comprises a fixed contact member
24, formed integrally with the terminal 23, and
a contact spring 21, which is assembled on the
post 5 between the square spacer 28 and the
washer 29. This arrangement is shown clearly
in Fig. 2. For operating the contact spring 27 a
small permanent magnet 30 is provided. This
magnet 30 is mounted on the balance arbor i4
and cooperates with an armature 3| mounted on
the contact spring.

In explanation of the circuit of the electro-
magnet, it should be mentioned that the back
plate 8 carries a terminal (not shown) which en-
gages the tongue 32 of terminal 22 when the back
plate is assembled in the clock movement. This
terminal on the back plate is the live terminal of
the clock and is connected to the ungrounded pole
of the battery when the clock is installed in an
automobile. The electromagnet circuit is then
completed over a path which includes the un-
grounded pole of the battery, back plate terminal,
terminal 22, winding 18, terminal 23, fixed con-
tact member 28, contact spring 27, the clock
frame, and the frame of the automobile, the lat-
ter being connected to the grounded pole of the
battery. It will be noted that the condenser 25
and resistor 26 are connected in shunt of the
switeh 24—21.

When the electromagnet circuit is open, at the
back plate terminal, for example, the oscillating
parts are in the position in which they are shown
in Figs. 1 and 2. This is due in part to the hair-
spring which is so adjusted that the balance is
brought to rest in such a position that the per-
manent magnet 30 is opposite armature 31, or at
least within operative range of the armature.
The permanent magnet, therefore, orients the
balance to the position in which it is shown and

“also attracts the armature 31, thus operating the

contact spring 27 and closing the switch. The
clock is thus maintained in readiness to start
when the circuit is closed. ;

When the clock is connected up, current starts
to flow over the circuit described above and the
electromagnet is energized. An impulse is thus
given to the balance, which rotates it is one di-
rection or the other, causing the permanent mag-
net 30 to rotate also and release the armature 31,
thus opening the circuit of the electromagnet.
The rotation of the balance tensions the hair-
spring, which shortly stops the. rotation and
causes it to be resumed in the opposite direction,
whereupon the permanent magnet, as it passés
the armature 31, operates the switch momén-

10

30

40

60

65

¥

0

75

tarlly to close the electromagnet circuit again
and give another impulse to the balance. This
action continues and after a few swings the bal-
ance will be oscillating with full amplitude, re-
celving an impulse from the electromagnet dur-
ing each beat. )

The general construction and operation of the
clock having been described so far as necessary,
attention may now be directed more in detail to
the features of the invention.

The adjusting screws 9, 10 and | are threaded
into tapped holes in the bridge member 8. Before
the holes are tapped, slots such as 33, Fig. 1, are
sawed in the bridge member to intersect the
holes. Due to these slots the material is able to
yield slightly when the holes are tapped, with
the result that the tapped holes are slightly
smaller than the screws. When the screws are
inserted the material again yields, but grips the
screws tightly so that they remain in any ad-
justed position. This construction enables lock -
nuts to be dispensed with. )

The electromagnet assembly including the ter-
minal 23 and the fixed contact 24 are so designed
and constructed that when the parts are as-
sembled in the clock the fixed contact member 24
is too high, that is, the armature 31 is too far
away from the magnet 30 when the armature is
in operated position. The screw (I is provided
so that the air gap between the armature 3l
and magnet 30 can be accurately adjusted, and is
turned down until the air gap is reduced to the
desired length. The contact member 24 is quite
stiff but is adapted to yield sufficiently to enable

5 the adjustment to be made. A small block 34 of

insulating material is inserted between screw
and the contact member 24 to avoid a short cir-
cuit between the contact member and the frame.

The screw 10 is a back stop for the spring 21
and serves to adjust the stroke of the armature
31. By adjusting the stroke as short as possible
consistent with a satisfactory separation of the
contacts the air gap between the permanent
magnet and the armature in retracted position is
reduced to a minimum and the contact spring 21
accordingly may have the maximum tension.

It has been found that a more close and accu-
rate adjustment of the air gap can be made if the
contact spring 27 is made substant@ally unflex-
ible between the contact and the armature 31 and
for some distance beyond the latter. This is ac-
complished by providing the contact spring with
an upturned flange along each edge, as shown in
the drawings.

The screw 9 is provided in order to enable the
tension in spring 27 to be adjusted. The spring
is tensioned upward and the end of the spring
rests against the stop screw 0 when the armature
‘31 is not influenced by the magnet 30. More ten-
sion than can be used is put in the spring before it
is assembled and then after assembly the tension
is relieved to the desired extent by turning in the
screw 8.

The adjusting arrangements described enable
the permanent magnet 30 to operate at maximum

" efficiency and make it possible to have a fair

amount of tension in the spring 27, sufficient to
cause the contacts to separate reliably under nor-
mal conditions. That is; in the great majority of
clocks the switch operates  satisfactorily and
causes no frouble. It is known, however, that in
relays and other devices having light or lightly
adjusted contact springs, a certain amount of’
trouble is encountered due to contact sticking.
The exact cause of the frouble does not sppear



2,459,080

5

to be fully understood. The contacts do not weld
together, but merely stick together for some rea-
son or other. They can generally be separated by
a slight jar and may not stick again for a long
time, if ever. In the occasional automobile clock
in which the trouble is encountered, it manifests
itself by stoppage of the clock for a period of s
few minutes up to an hour or more. This occurs
generally at night, when the car is in the garage,
as any motion of the car is usually sufficient to
jar the contacts apart and start the clock run-
ning again.

In many devices it is possible to prevent contact
sticking, or at least substantially eliminate it, by
Increasing the spring tension. This expedient
has been followed in the case of the clock de-
scribed herein, as previously explained. The
clock is rather small, however, and there is a limit
to the size of the permanent magnet that can be
used, which limits the amount of spring tension
that can be employed. Since it is desirable in
the case of an automobile clock to absolutely
eliminate all danger or even possibility of stop-~
page, a further improvement is introduced where-
by if contact sticking should occur the contacts
are positively separated, causing the clock to con-
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tinue running as though no trouble had cccurred.

This improvement will now be described.

Referring to Fig. 2, it will be seen that the per-
manent magnet 30 has an attachment which in-
cludes two arms 40 and 41 located on opposite sides
of the magnet. These arms are in the plane in
which the magnet oscillates and accordingly are
operatively related to the armature 31, as will
be explained.

The construction of the attachment is illus-
trated in Figs., 3 and 4. Before forming, it has
the shape shown in Fig. 3, being a stamping from
some non-magnetic sheet metal, preferably beryl-
lium copper, which can be hardened after forming.
By means of a suitable die the central portion of
the blank shown in Fig. 3 is given a semi-eircular
formation to fit the lower end of the magnet 30
and at the same time the perforated ear 42 is bent
at right angles along the dotted line so that it
will rest against the side of the magnet when as-
sembled thereto. Another ear 43 may be pro-
vided, if desired, to engage the opposite side of the
magnet. The formed blank is secured to the
magnet by means of a headed metal sleeve 44
which passes through the hole in ear 42 and a cor-
responding hole in the magnet, in which it has a
press fit. The sleeve 44 may be additionally se-
cured by staking at the end opposite the head.
The complete magnet assembly, including the de-
scribed attachment and the sleeve 44, is carried
on the arbor 14.

Reference may now be made to Figs. 5 and 6 for
a more detailed explanation of the operation of
the device. In these figures semi-circular arcs
have been drawn to show the path of the end of
the magnet 30 and the path of the ends of the
arms 40 and 41,

InFig. 5 it is assumed that the magnet assembly
is rotating in the direction of the arrow. The
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magnet 30 has just released the armature 31 and -

the contacts have separated in the normal manner
due to the tension in spring 21. As the result of
this normal operation the armature 31 has moved
outside the path of the ends of arms 40 and 4! and
will not be engaged by arm 40 when it passes the
- armature.

In Fig. 6 the magnet assembly is assumed to be
rotating in the opposite direction, although the
direction of rotation is immaterial. The magnet
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32 has released the armature 31, as in the preced-
ing case, but due to the contacts sticking together
the switch has remained closed and the armature
8! has remained in attracted position. In this
position the armature is in the path of the end of
arm 41, which engages the armature and positive-
ly separates the contacts.

The arms 40 and 41 should be spaced from the
magnet in the plane of its rotation just enough
so that during normal operation the armature 3i
will have time to restore and move out of the path
of the arms 40 and 41 before the approaching arm
can engage it. As long as the switch operates
normally, therefore, the arms 40 and 41 perform
no function, that is, neither one of these arms will
ever engage the armature. In case the restora-
tion of the armature is delayed by contact stick-
ing, however, the armature is instantly engaged
by arm 40 or arm 41, depending on the direction
of rotation at the time, the contacts are forcibly
separated, and the armature is restored by spring
211in the usual manner, except for the momentary
delay. The only effect produced by the sticking
of the contacts is a slightly longer impulse to the
electromagnet, which does no harm.

In connection with the foregoing it may be
pointed out that when the permanent magnet is
directly aligned with the armature, as shown in
Pig. 2, the poles of the four pole armature {3 are
symmetrically disposed relative to the poles 20
and 2! and since the armature poles are 90 de-
grees apart the balance can rotate 45 degrees be-
fore a pair of armature poles becomes aligned
with the poles 20 and 2. The switch must open
before the armature poles reach this aligned
position or the continued energization of the elec-
tromagnet will exert g retarding effect on the bal-
ance. It follows, therefore, that the spacing
between the permanent magnet and the arms 40
and 41, in the particiiar clock shown, should be
somewhat less than 45 degrees. The spacing may
be as small as 35 degrees. for example, which al-
lows 25 degrees for release of the armature by the
permanent magnet and 10 degrees for normal
restoration of the armature by the contact spring.

It will be understood that the principles in-
volved apply to other types of kalance armatures
and other types of electromagnet structures and
that in any case the contact separating means
will be suitably located so that the contacts wili
be separated in the proper timed relation to the
motion of the balance and its normal oscillations
will not be interfered with.

Attention may now be directed to the modifica-
tion which is shown in Fig. 7. In this embodi-
ment of the invention the permanent magnet 30’
has an attachment including the arms 50 and 51
which is similar to the attachment already de-
scribed except that it is made of magnetic mate-
rial, such as soft iron, for example. The arms 50
and §f also are somewhat shorter that the arms
40 and 41, and the ends or poles oscillate in the
same path as the end of the permanent magnet.
The armature 31’ is polarized, that is, it is a small
permanent magnet. The magnets 31’ and 30’
are so poled that in the position in which the parts
are shown in Fig. 7 the magnet or armature 31’
will be attracted to close the switch.

Describing the operation of this modification
briefly, it may be assumed that the permanent
magnet 30’ is rotating in a clockwise direction, as
shown by the arrow. As the permanent magnet
passes the armature 31’ the latter is attracted to
close the switch. After further rotation of about
25 degrees the armature is released by the perma-
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nent magnet and the switch is opened, assum-
ing normal operation. As the rotation contin-
ues the arm or pole comes within operative range
of the armature 31’ with the result that if the
contacts have stuck together the armature 31’ is
restored by magnetic repulsion and the contacts
are separated. - The operation during rotation in
the other direction is the same except that arm or
pole 51 is operative.

In this modification since the poles 50 and 5t
become operative with respect to the armature
before coming into alignment therewith these
auxiliary poles should be spaced somewhat farther
from the permanent magnet than the arms 40 and
41 in the other modification. .

The application of the magnetic repulsion prin-
ciple is somewhat more costly, inasmuch as it re-
quires two permanent magnets instead of one.
It has the advantage, however, of avoiding all
mechanical contact with oscillating parts and the
further advantage that the auxiliary poles re-
duce the length of the air gap and render the per-
manent magnet somewhat more efficient, which
makes it possible to use a somewhat stiffer con-
tact spring.

The invention having been described, that

which is believed to be new and for which the pro-
tection of Letters Patent is desired will be pointed
out in the appended claims,

I claim:

1. In a clock, an electromagnet, a switch for
controlling the circuit of said electromagnet, an
oscillatory system driven by said electromagnet,
a polarized armature associated with said switch,
and a magnetic structure included in said escil-
latory system and adapted to cooperate with said
armature to actuate said switch by magnetic at-
traction and to restore said switch by magnetic
repulsion.

2. In' a clock, an electromagnet, a switch for
controlling the circuit of said electromagnet, said
switch comprising a relatively fixed contact and
a movable contact, a contact spring rigidly sup-
ported at one end and carrying said movable con-
tact at the other end, an armature carried by said
contact spring, an oscillating system driven by
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said electromagnet and including a permanent
magnet cooperating with said armature to
periodically close said switch, and means for stiff-
ening said contact spring to prevent flexing there-
of between sald armature and movable contact
when the movement of the armature is arrested
by closure of the switch.

3. In a clock, an electromagnet, a switch for
controlling the circuit of said electromagnet, an
armature for operating said switch, an oscillating
system including a permanent magnet for period-
ically attracting said armature, a clock frame on
which said parts are supported, and means in-
cluding adjusting screws threaded in a part of
sald frame for adjusting the air gap between|
said permanent magnet and said armature in its’
attracted and non-afttracted positions.

4. Tn a clock, a balance, an electromagnet for
driving said balance, a switch for controlling the
circuit of said electromagnet, a frame for sup-
porting said parts, said frame comprising a front
plate, a center plate, and a removable back plate,
means including pillars for supporting said plates
in spaced relation, said center plate being cut
away to provide space for said balance, an aux-
iliary frame member extending between two of
said pillars to strengthen the frame where sald
center plate is cut away, and means including
screws threaded in said frame member for adjust-
ing said switch.

JEAN FINK.
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