United States Patent o
Dill

nn o 3,712,046
45)  Jan. 23, 1973

[54] ROTATING RING DISPLAY
[76] Inventor: Hans G. Dill, 2870 Tabago Place, Primary Examiner—Richard B. Wilkinson
Costa Mesa, Calif. Assistant Examiner—Edith C. Simmons Jackmon
. Attorney—Joseph E. Szabo
[22] Filed: .May 24, 1971
{211 Appl. No.: 146,199 [57] ABSTRACT
] . An electronic wristwatch in which time is displayed by
[52] US.Cliecenenn, 58/45, 58/23, 58/127, means of a plurality of separately sealed, indepen-
340/373 dently rotatable, coplanar concentric rings. Each ring
[(51] Inmt.ClL....GO04b 19/20, GO4b 45/04, GO4c 3/00 carries a plurality of magnetic domains and is indepen-
[58] Field of Search.......... 58/23R,23 D, 26.5,50R,  dently stepped by a set of electromagnets driven by a
58/53, 126 B, 127 A; 340/373 multiphase pulse train. Typically, each ring is stepped
. at a different rate so as to display a different unit of
[56] References Cited time, this being achieved by suitably scaling the
UNITED STATES PATENTS frequencies of the multiphase pulse trains which drive
the different sets of electromagnets.
2,202,214 5/1940 Livingston et al.................. 58/45 X
3465512 9/1969 Usuietal. .ooooorreevrreoo 58/53 15 Claims, 22 Drawing Figures
g7 )
SET
KRESET
2, e ls e, (as__ [ONBE
TIME _ =~ DrcopeR 2 2e
STANDARD 1OVI0ER : DRIVER |28 (MAGNETS
g Z]
> Citn il
P i1
7
LOWER 17132 25| ROTATING
SOURCE NG
DISPLAY




PATENTED J2 31973 3,712,046
SHEET 1 OF 5

a7, )
_M G- L SET
RESET
<! . £ 16 6 4 g os  (UBE
TIME i DrcopER 222
STANDARD DR e L Dok & 28 ] MAGNET S
77 > , |
i
| 57
POWER 171324 22| ROTATING
SOURCE RING
DISPLAY

INVENTOR.
HANS & DILL

- A e X

[T TORLNEY




PATENTED JAN2 31873

3,712,046

SHEET 2 OF 5

7z

r.j?f ) ; f;?f

57

%%
57 bpezzzy A BV ANy, L ANV A, T/f%

L
577 Y47, L57
e [ a2 N W W I ¥
NSRS R o \\3\\\\\\\:\\\\\\"?\3\&:#\_\;‘{\\:\\tufl:*\\\\;\;\"f‘f\:\:,:
v{ " 75| 77 V
779 |
éfa\él [ é 7 Q:/a’d 53,

’/,/, ,/// ’ ///// /,/// R e e eraa ,///
0 A5y L) DRIVE CrectiTRy I
R e &
7 S — VAV V2 7 7 7 v //J ATTEVW///,

L

INVENTOR.
HANS G DL

Byﬁﬂ? AR !

RA7T7TORNEY.




PATENTED Ji2 31973 3,712,046

SHEET 3 OF &

INVENTOR.
HANS G DL

BY y)jl-_»/?— w
‘. —

AT TORNEY,



PATENTED JAN2 31973 3,712,046
SHEET Y4 OF 5

e 10
A
V2
Nsed-r &9-7—
FZ
INVENTOR.

HANS & DI/

AT TORNE Y




PATENTED JW 221973

3,712,046
SHEET 5 OF 5

L7

Lre. 13 R S
§744
: 5
\ by
2 /fﬂ) —
P DA .
e \\“:\\ SN .
ANV NINNNA
- \% 75 139
ASTE £X _J
452 | s 175
a% % e e
N
77 INVENTOR.
LHANS & Dl L.
77 BY W T~
( '_—_)2@_‘0_

BT TORNEY



3,712,046

1

ROTATING RING DISPLAY

The subject invention relates generally to display
devices and more particularly to a device for displaying
time.

Until recently, wristwatches indicated time by means
of hour, minute, and second hands, rotated through a
set of gears around a calibrated watch face by a spring
and timed by an oscillating balance wheel. In the past
few years, the spring and the balance wheel have been
replaced in some watches by an electrically powered
oscillating tuning fork, and more recently by a quartz-
crystal-electronic divider assembly. Presently there is a
great interest in producing a purely electronic watch in
which the entire timing process, including the- driving
of the time display, is done electrically. The electronic
portion for the timing portion of such a watch is cus-
rently available commercially in the form of miniature
integrated circuits using very little power. Batteries
capable of powering such circuits for usefully long
periods of time have also been developed.

There is still a need, however, for a new type of dis-
play whereby the information generated by the elec-
tronic circuits of these modern electronic watches can
be displayed. Devices currently proposed, such as light-
emitting diodes and liquid crystals, each have their
shortcomings. Both require relatively complex decod-
ing circuits. Additionally, the light-emitting diode con-
sumes considerable power. Liquid crystals, on the
other hand, are stable over only a very small tempera-
ture range and require a driving voltage which is
presently not suitable in wristwatch applications.
Moreover, in their present experimental state, liquid
crystal devices tend to deteriorate with age.

It is an object of the present invention to provide an
improved display particularly adapted for use with an
electronic wristwatch. A related object of the present
invention is to provide an electronic wristwatch which,
by virtue of its improved display, is simple to manufac-
ture, rugged, and uses a minimum of power.

Another object of the present invention is to replace
the hands of a watch and the gears required to rotate
them with an alternative display mechanism which is
simpler to make, just as easy to read, and readily com-
patible with the type of signals generated by available
electronic time standards.

A basic part of a display made in accordance with the
present invention is a rotating ring, carrying indicia
which are to be displayed. The ring is advanced in
equal steps by an arrangement which includes a plurali-
ty of spaced-apart domains on the ring, and driving
means adjacent to, but spaced apart from, the ring and
operative when electrically energized to exert a thrust
upon one or more of the domains so as to advance the
ring by one step. Preferably, the domains are magnetic
and the driving means includes a plurality of permanent
magnets so distributed as to hold the ring stably in a
plurality of equally spaced rest positions. Electric coils
are wound on the magnets and are alternately encr-
gized to modify the effect exerted by those magnets on
the domains, thereby causing a net thrust to be exerted
on the ring to drive it from a given one of its rest posi-

tions to the next such position. It is to be noted that no

power is required to maintain the ring in its rest posi-
tion, this being achieved by the permanent magnet
when the coils are deenergized.
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An important feature of the present invention is the
simplicity and compactness with which several display
rings of the type just described are combined into a uni-
tary multi-indicia display. In accordance with this fea-
ture of the invention, several rings, each bearing a dif-
ferent type of indicia, such as days, hours, minutes, and
seconds, are rotatably supported concentrically within
a common flat casing, each ring being preferably sealed
separately from the others. Each ring carries a plurality
of domains and is provided with an independent driving
means such as that described with reference to the sin-
gle ring display. When the multi-ring display is incor-
porated into an electronic wristwatch and a magnetic
driving arrangement of the aforementioned type is
used, the necessary pulses for driving the various rings
at their prescribed rates may be readily derived from a
single quartz oscillator time standard by electronic
frequency dividing and decoder circuits.

The relative positions of the various rings, and in par-
ticular of the day, hour, and minute rings are main-
tained in the necessary synchronism by electronic
means rather than mechanically, as in present day
watches in which they rigidly intercoupled. Thus the
rings, although electronically intercoupled, remain es-
sentially independently rotatable, permitting them to
be set independently or in combination and without
mechanical means.

The invention will be described in greater detail by
reference to the following drawings in which:

FIG. 1 is a block schematic diagram of an electronic
wristwatch which indicates time by means of a rotating
ring display of the present invention;

FIG. 2 is a plan view of an electronic wristwatch
shown in the block schematic diagram of FIG. 1 and il-
lustrating three rotating rings, each having a pointer
which moves past a series of numbers or marks, indicat-
ing hours, minutes, and seconds, and a fourth ring
which carries a series of numbers successively dis-
played through a window to indicate the date;

FIG 3a is a plan view of a rotating ring display suita-
ble for use in the electronic wristwatch of FIG. 2;

FIG. 3b is a view similar to view 3a and illustrating a
modification of the rotating ring display in which the
driving magnets are differently positioned than those of
FIG. 3a;

FIG. 4 is an exploded cross-section along the line 4—
4 through the time display illustrated in FIG. 34 and il-
lustrates the manner in which the drive circuitry and
electromagnetic components are packaged in one cas-
ing, and the rotating rings in a second casing which in-
cludes a transparent lens;

FIG. 5 is an enlargement of a portion of the three ele-
ments illustrated in FIG. 4, showing them assembled
and in particular illustrating the manner in which the
magnetic domain of a given ring is magnetically cou-
pled by the core of one of the electromagnets;

FIGS. 6a and 6b illustrate alternative embodiments
of the rotating rings carrying spaced-apart domains
which are typically magnetic;

FIGS. 7a - 7d are sequential diagrams showing a
rotating ring in four successive positions to explain the
theory of operation of a three-phase version of the time
display;

FIG. 8 is an enlargement of a portion of FIG. 7d,
showing the flux lines of the magnetic circuit;
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FIG. 9 illustrates an asymmetric drive in which all of
the magnets of a given ring are located to one side
thereof; )

FIG. 10 illustrates a symmetric drive in which the
ring is driven by two sets of diametrically opposed elec-
tromagnets;

FIG. 11 illustrates the phase relationship between the
three pulse trains which drive the three-phase elec-
tromagnetic drive shown in FIGS. 7a - 7d.

FIG. 12 illustrates a rotating ring having domains
thereon suitable to be driven by a two-phase magnetic
drive arrangement;

FIG. 13 illustrates an alternative two-phase drive ar-
rangement in which the pole faces of the driving mag-
nets are shaped to produce a net thrust suitable for
driving the ring; v

FIGS. 14a, 14b, and 14c are cross-sections through
alternative configurations for the time display rings and
for electromagnetic means suitable for driving them.

While the invention has been shown and will be
described in some detail with reference to preferred
embodiments thereof, there is no intention that it must
be limited to such detail. On the contrary, it is intended
here to cover all . modifications, alternatives, and
equivalents falling within the spirit and scope of the in-
vention as defined by the appended claims.

Turning now to the figures, an exemplary wristwatch
11 incorporating display rings in accordance with the
present invention is illustrated in FIG. 2. It includes a
casing 13 supporting a watch face 15, below which a
plurality of rings, namely, a day ring 17, an hour ring
19, a minute ring 21, and a second ring 23 are rotatably
supported in a concentric relationship. Each of the
rotatable rings 17,19, 21, and 23 carries at least one in-
dicium: In the case of the day ring 17, there are 31 in-
dicia, one for each day of the month, and these are suc-
cessively displayed through a display window 25 in the
face of the watch. In the case of the other rings 19, 21,
and 23, only a single indicium is provided, these being
shown as the pointers 27, 29, and 31, for the hour,
minute and second rings 19, 21, and 23, respectively.
The watch face 15 is appropriately calibrated at least
with the numbers 1 through 12, and the hour, minute
and second of the day is indicated by the position of the
dots 27, 29, and 31 next to the watch face calibration.
The dots are made visible by annular display windows
33, 35, and 37, which are located in registry with and
above the respective rings 19, 21, and 23. It will be un-
derstood, of course, that instead of providing the singu-
lar pointers 27, 29, and 31, all of the rings, or at least
the hour and minute rings 19 and 21, could be
calibrated with indicia representing hours and minutes,
and display windows similar to the display window 25
could be provided, thereby permitting the hour and
minute of the day to be displayed in the form of a serics
of numbers. ' S

Each of the rings is rotated in steps at the appropfia;e
rate for that ring, by means to be described. Thus, for
example, the day ring 17 may be stepped once a day,
the hour ring 19 once every hour on the hour, and so
on. Thus, all of the rings are rotated, each at a different
rate, but all of them in synchronism with one another so
that, for example, the hour ring is stepped when the
minute ring is at 60, and similarly the day ring 17 is
stepped every other time that the hour ring passes 12:
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Of course, a different relationship may be selected,
such as for example the hour ring moving in two equal
increments, once on the hour and once on the Half-
hour.

Means are also provided on the exemplary wrist-
watch 11 for setting the watch by selectively advancing
or retarding one or more of its rings. As will be ex-
plained in greater detail hereinafter, pressure-sensitive
switches 39, 41, 45, and 43 are provided on the watch
case 13. Depressing the switch 39 causes the hour and .
minute rings 19 and 21 to be advanced at a rate which
may be changed by the manner in which the switch 39
is depressed. Similarly, the hour and minute rings may
be retarded at a desired rate in synchronism with one
another by depressing the switch 41. If it is desired to
change the setting of the hour ring only, as when
crossing a time zone, the switch 43 is depressed, and
similarly, by depressing the switch 45 the date ring 17
may be stepped forward.

Turning next to FIGS. 4 and 5, the electronic watch
of the present invention may be advantageously
packaged for ease of manufacture in a first casing 47
containing the rotatable rings 17, 19, 21, and 23, and a
second casing 53. The first casing 47 is shown as com-
prising two principal parts; a ring retainer block 49, and
a lens 51 which is at least partially transparent, in order
to render the indicia carried by the rings visible for dis- -
play. The lens 51 is glued on the ring retainer block 49
and is additionally provided with a plurality of concen- °
tric annular tongues 57 which are concentrically ar-
ranged on the bottom of the lens 51 and which are
received by a corresponding set of concentric grooves
55 in the top surface 54. As best seen in FIG. 5 and with
specific reference to the hour ring 19 which is typical of
the other rings 17, 21, and 23, the ring 19 is rotatably
disposed in an annular groove 62 extending into the
body of the ring retainer block 49 from its top surface
54. A track or bearing 63 extends upwardly from the
center of the groove 62 and the ring 19 has a pair of
downwardly extending arms 65 so as to keep the ring
centered upon the track 63, which may be lubricated
with silicone, for example, to permit the ring to move
freely thereon. However, self-lubricating materials,
such as nylon or teflon, for the ring or the bearing, or
both, are preferable. Conceivably, a layer of air or
other gas between the ring and its track might be suffi-
cient for this purpose. One of the annular grooves §5 is
disposed radially inwardly from the ring-retaining
groove 62, while another one is disposed radially out-
wardly therefrom. These grooves and the pair of annu-
lar lens tongues 57 together form a pair of annular walls
which, together with the top wall 59 of the lens 51,
serves to separately seal the ring-retaining groove 62
and the ring 19 therein. Indeed, it may be scen that the
pair of annular seals formed by the tongues and grooves
55 and 57 and by the top §9 of the lens between them,
form together with the ring-retaining groove 62 a
sealed annular chamber 61 in which the ring 10 is
securely and rotatab’y contained.

In accordance with another feature of the invention,
the rings are driven in equal steps by providing each of
them with a plurality of spaced-apart domains 67 and
by further providing for each ring electrically energiza-
ble driving means adjacent to that ring and spaced
therefrom and operative intermittently to exert a thrust
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upon one or more of the domains in a direction tending
to rotate the ring. The domain and the driving means
for exerting a thrust thereupon may be electrostatic,
electromagnetic, or even fluidic. In its preferred em-
bodiment, however, as illustrated in FIG. 3q, the
domains are magnetic and are spaced apart equally on
each ring. Similarly, the means for driving the rings are
also magnetic and are in the form of a set of three elec-
tromagnetic devices for each of the rings 17, 19, 21,
and 23. They are identified in FIG. 3a as 69a - 69¢ for
the ring 17, 71a - 71c¢ for the ring 19, 73a - 73¢ for the
ring 21, and 75a - 75¢ for the ring 23. In keeping with
this aspect of the invention, in its preferred form each
of the electromagnetic means, of which the device T1a
may be taken as typical, includes a permanently mag-
netic core 77 and a coil or winding 79 thereon (FIG. 5).
The permanent magnet 77 associated with each given
set of magnetic driving means is operative to exert a
holding force upon the ring to which it is adjacent and
to exert this force equally in a plurality of rest positions
for that ring. In this manner the ring will be held sta-
tionary without the need to apply any power to the coils
70 of the electromagnetic driving means. In order to
maximize the magnetic coupling between the per-
manent magnet 77 and the magnetic domains 67, a pair
of slots 81 is provided on opposite sides of the ring-
retaining groove 62 in registry with each permanent
magnet 77. Accordingly, when the bottom casing 53 is
pushed against the top casing 49, all of the permanent
magnets 77 enter a corresponding pair of slots 81, and
once therein, are closely spaced from the depending
arms 65 of the ring 19. By selecting that portion of the
ring 19 carrying the magnetic domain 67 to be also the
portion where a pair of depending arms 65 are located,
the reluctance of the magnetic path between the arms
of the permanent magnet 77 through the magnetic
domain 67 is minimized.

The configuration of the ring 19 selected for illustra-
tion in FIG. 5 is best shown in FIG. 6a, in which it is
seen to have a relatively wide, thin, and flat configura-
tion and to be carrying a plurality of U-shaped mag-
netic domains 67 on its underside. The ring 19 is
preferably nonmagnetic and may be of plastic. The
magnetic domains 67 may also be made of plastic, but
containing a magnetic powder. They may be bonded to
the ring 19 or may be made as an integral part thereof.
And, while they are shown in FIG. 6a to be narrower
than the ring 19, the domains 67 may also be wider, as
shown in FIG. 6b. The relatively narrow ring configura-
tion results in lighter weight and, hence, smaller inertia.
This ring configuration is also illustrated in FIG. 3b,
which is a modification of the watch shown in FIG. 3a
and which differs therefrom in the additional respect of
the manner in which its magnetic driving means are
located. It will be noted that in the configuration of
FIG. 3a, the individual magnetic driving means of each
set, such as the set 69a — 69c, for example, are shown as
being distributed 120° apart from one another. The
purpose of this arrangement is to distribute about the
periphery of the ring the thrusts which are exerted
upon its domains so as to distribute the torques exerted
upon the rings along the periphery and thereby reduce
uncven wear on the bearing. Of course, other than a
120° spacing could be selected to achieve the same pur-
pose. Alternatively, it may be desirable from a manu-
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facturing standpoint to locate all of the devices of each
set of electromagnetic driving means clustered
together, and this is how they are shown in FIG. 3b,
with each set of electromagnetic means having the
same reference numerals as its counterpart in FIG. 3a,
but carrying an apostrophe () to differentiate the two.

The manner in which a given rotating ring is ad-
vanced by its associated electromagnetic driving
devices is essentially the same for both of the embodi-
ments illustrated in FIGS. 3a and 3b. Also, they are the
same for all of the rings in a given set of rings and will
be explained with particular reference to the day ring
17', shown in FIG. 3b as being driven by the set of three
electromagnetic devices 69a’, 695’, 69¢’. These ele-
ments are illustrated in greater detail in FIGS. 7a-b, in
which the ring 17’ is shown in four successive positions.
Referring first to FIG. 7a, it will be seen that the elec-
tromagnetic devices 69a’—c’ are so spaced that when
one of them (692’) has a domain 67 centered therein,
the other two electromagnetic devices (695’ and 69¢')
have a2 domain ahead of and behind them, respectively,
by an equal amount. In the case of the ring 17’ of FIGS.
3b and 7a, where the electromagnetic devices 69a'~c’
are shown clustered together, it is the same domain (A)
which is behind one of the electromagnetic devices
(69¢’) and ahead of the other of the electromagnetic
devices (69b'). Moreover, the domain (A) which is
thus situated is next on the ring 17’ to the domain (B)
which is centered in the first electromagnetic device
(69a'). On the other hand, in the embodiment illus-
trated in FIG. 3a where the electromagnetic devices
69a, 69b, 69c, are distributed 120° apart from one
another, the domain 67b which is behind one of them
(69b) is not the same as the domain 67¢ which is ahead
of the third one of them (69¢). The principle of opera-
tion, however, is the same in both instances. Thus, in
both cases the position described is one of equilibrium
in which the rotating ring is at rest because no net force
is exerted upon it by the permanent magnet 77 of its as-
sociated electromagnetic devices, so long as those
devices are not energized. Thus, referring again to FIG.
7a, the permanent magnet 77 of the first electromag-
netic device 694’ exerts no net thrust upon the domain
B, because the latter is exactly centered in the former
and is in equilibrium. Similarly, no net thrust is exerted
upon the domain A, because the permanent magnets
77 of the electromagnetic devices 695' and 69¢’ exert
equal but opposite torques upon it, since they are be-
hind and ahead of it by equal amounts.

It will be understood, of course, that what is meant
by a domain being ahead of or behind an electromag-
netic device is that the center line of the domain is
ahead of or behind the center line of the electromag-
netic device. Thus, for example, in FIG. 7a the trailing
edge of the domain A extends slightly into the elec-
tromagnetic device 69b', while its leading edge extends
slightly into the electromagnetic device 69¢’. The ex-
tent to which it should so extend depends upon the
amount of force it is desired that the electromagnetic
devices cxert upon the domain. This is better iltustrated
in FIG. 8, in which the magnetic lines of force are also
shown. An advantage of the arrangement just described
is that not only is the ring at rest, but it is held there by
the permanent magnets 77 and restrained against mov-
ing out of the rest position.
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The ring 17' is advanced in steps by successively can-
celling, or at least counteracting (and thus diminishing)
the force of two of the three permanent magnets 77,
while leaning the force of the third such® permanent
magnet 77 unaffected. Each time a different one of the
three permanent magnets 77 will be left unaffected
and, as will be explained, this results in a temporary
* disruption of the equilibrium of forces, causing the ring
to be advanced by one step, which is equal to half the
distance between adjacent domains. In the embodi-
ment illustrated in FIGS. 34 and 35, the magnetic effect
of the permanent magnet 77 is overcome by energizing
the coils 79 wound around the permanent magnets with
a short electric current pulse. The first combination of
pulses is shown at the top of FIG. 7a in three circles
located above the three electromagnetic devices 69a’'—c
‘. A zero in a given circle represents the absence of a
pulse from the device which is below the circle and,
similarly, a ““1” in a circle represents the presence of a
pulse in the device below that circle. Thus, in FIG. 7a
current pulses are present in the coils of the first two
electromagnetic devices 694’ and 69b', while the coil
of the third electromagnetic device 69¢’ is free of such
a pulse. Consequently, since the electromagnetic force
exerted by the permanent magnet 77 of the device 695
has been diminished, while the corresponding force of
the ‘magnet 77 of the device 69¢’ has been left un-
diminished, a net forward thrust is exerted upon the
domain A and the ring 17’ is moved clockwise, i.e., for-

- ward.

15

20

25

30

FIG. 7b shows the point at which the ring comes to

rest after its forward motion in response to the pulses
represented in FIG. 7a. The reason why the ring comes
to rest at that position is that the domain A is now cen-
tered in the electromagnetic device 69c¢’ so that it no
longer exerts any thrust, either forward or reverse, on
that domain and the domain B is now centered exactly
midway between the electromagnetic devices 69a’ and
69b' and since they are equally energized, they, too,
exert no net thrust upon the domain B.

To advance the ring 17’ from its position in FIG. 7b,
the coils of the electromagnetic devices 694’ and 69¢’
are energized. This causes a forward thrust to be ex-
erted upon the domain B by the unenergized elec-
tromagnetic device 69b’, for the same reason that a
thrust was exerted in the preceding step on the domain
A.

It will be noted that in FIG. 7c the middle elec-
tromagnetic device 696’ has a domain B centered
therein, while the left and right electromagnetic
devices 69a’' and 69¢’ have domains C and A disposed
behind and ahead of them, respectively, by equal
amounts. Therefore, the ring 17’ is in equilibrium
because no force is cxerted upon the domain B and
equal but opposite thrusts are exerted upon the
domains C and A. Hence, to advance the ring from its
position shown in FIG. 7¢, the equality of the forces ex-
erted upon the domain C and A is upset by energizing
the coil of the electromagnetic device 69¢’ but not that
of the electromagnetic device 69a’. The coil of the mid-

dle electromagnetic device 695’ is also energized. As a-

result, the forward thrust exerted upon the domain C
by the electromagnetic device 69a’ exceeds the reverse
thrust (if any) exerted upon the domain A by the elec-
tromagnetic device 69¢’ and the ring 17’ is advanced to
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its position shown in FIG. 7d4. In this position, the
domain C and B occupy the same position as did the
domains B and A in FIG. 7a. Consequently, the coils of
the electromagnetic devices 69a’—c’ are actuated by
the same combination of pulses which energized them
when the ring was in the position shown in FIG. 7a.
Thus, the cycle of energization of the electromagnetic
devices 69a’—c’ repeats itself in the same pattern, a pat-
tern which is also shown in FIG. 11, wherein the pulse
trains 85, 87, and 89, respectively, represent the pulses
applied to the electromagnetic devices 69a’, 69b', and
69¢’. ‘

Instead of merely neutralizing or diminishing the
magnetic force exerted by two out of the three elec-
tromagnetic devices 69a’-c’ and leaving t-e third one of
them unaffected, an alternative way of driving them
could be to pulse the third electromagnetic device also,
but in.an opposite sense from the way in which the first
two electromagnetic devices are pulsed, so that when
the first two have their magnetic force diminished, the
third one of them has its magnetic force enhanced. This
arrangement will, of course, increase the starting
torque upon the ring but, at the same time, will also in-
crease the power consumption. Another factor which
affects power consumption is the strength of the per-
manent magnets 77. The stronger these magnets, the
better the stability of the ring in its rest position, but
also the greater the current required to neutralize or
diminish the magnetic effect of those magnets.

Another alternative driving arrangement is to omit
pulsing that electromagnetic driving means in which a
domain 67 is centered. Thus, in the example illustrated
in FIGS. 7a-7d. the pulses on the devices 69a’, 69¢’,
and 69b', and 69a’, respectively, would be omitted.
Even though the effect would be to leave the ‘“‘cen-
tered” domain in a fully magnetized device, the ring 19
would still be advanced because the net magnetic at-
traction tending to advance the domain between the
electromagnetic devices would be greater than the re-
tarding force exerted upon the ‘“‘centered” domain.
The advantage of this arrangement would be that only
half as many driving pulses would be required. It might
be noted that the remaining pulse might be either an
“enhancing” pulse tending to increase the magnetic ef-
fect of the device to which it is applied, or alternatively,
a *‘diminishing” pulse having the opposite effect.

Since the rotatable rings have no central bearing, a
magnetic drive, such as that illustrated in FIGS. 3a and
35, will introduce a lateral force, because there is al-
ways only one electromagnetic device exerting a thrust
upon one of the domains of the ring at any given time.
This is illustrated in FIG. 9, which an clectromagnetic
device exerting a nct lateral force F upon a ring 17 is
represented by the numeral 69. The ring bearing, such
as the track 63 in FIG. §, if properly designed will be
able to support this force without causing the ring to
bind. However, friction because ring and track may be
further reduced by providing a symmetrical drive ar-
rangement such as that illustrated in FIG. 10, rather
than an asymmetrical arrangement such as that shown
in FIG. 9. In the symmetrical drive arrangement of FiG.
10, two diametrically opposed sets of drive means 69-1
and 69-2 are provided for a given ring 17. Each of the
devices 69-1 and 69-2 may be of the type shown in
FIG. 3b, for example, and their individual electromag-
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netic devices will be actuated in succession in pairs;
one device from each of the sets 69-1 and 69-2. There-
fore, at all times equal but opposite forces (F1 and F2)
will be exerted upon the ring 17, so that there will be no
net lateral force exerted thereupon. Alternatively, 5
several groups, each having two diametrically opposed
sets, might be provided. !

The electronic circuitry for generating. the pulse
trains, such as those shown in FIG. 11, necessary to
drive the electromagnetic devices associated with the
rings, are well within the reach of those skilled in the
art and will not be described in detail. Their arrange-
ment, however, is shown shown in FIG. 1, in which the
set of magnets 69, 71, 73, and 75, associated with the
rotating rings 17, 19, 21, and 23, are driven from a sin-
gle time standard 91. The output of the time standard
91, which may be a quartz oscillator, is converted by a
frequency divider 93, such as a binary counter, into as

“many frequencies as there are rotating rings. Typically,
the respective frequencies f1, f2, f3, and f4, for the
second, minute, hour and day rings 23, 21, 19, and 17,
will be one per second, one per minute, one per hour,
and one per day, respectively. Each of the frequencies
f1-f4 is converted by means of a decoder driver 95 into
a three-phase pulse train, such as that illustrated in
FIG. 11, and each three-phase pulse train is applied to
the three electromagnetic devices associated with the
appropriate one of the four rotating rings 17, 19, 21,
and 23. A common power source 97, such as a battery,
energizes the components 91, 93, and 95.

One of the advantages of the display system of the
present invention is that each of its display rings may be
set individually or in any desired combination of two or
more, and that this may be accomplished without any
mechanical means. The desired setting of the rotating
rings may be achieved electronically by means of a set-
reset circuit 97, by means of which selected ones of the
frequencies produced by the divider 93 may be applied
to the decoder driver 95, so as to cause those frequen-
cies to be converted by the latter into a three-phase
drive train for application to the sclected ones of the
electromagnetic devices 69, 71, 73, and 75. Thus, for
example, if it is desired to advance the hour ring 19 by
3 hours, typically there will be introduced through the
set-reset circuit 97 into the decoder-driver 95 that
number of pulses which is required to advance the hour
ring the requisite number of times to bring about a
change in its display position of 3 hours. Typically,
three pulses will be required.

Normally, the minute ring 21 is coupled to the hour
ring 19 electronically, in order that when the hour ring
19 is advanced, the minute ring 21 will be at its 60-
minute position, as in a conventional watch. This is
achieved electronically by maintaining synchronism
between the pulses which drive the clectromagnetic
means associated with the hour and minute rings 19
and 21, respectively. Such synchronism is maintained
by appropriate circuitry within the decoder-driver 95.
When the watch 11 is to be set in the conventional
manner, either to initially set the watch or to adjust for
a loss or gain of time, the hour and minute rings 19 and
21 must be turned clockwise or counter-clockwise
together, with their relative positions remaining
unchanged. This may conveniently be achieved by a
pair of controls such as the controls 39 and 41 shown
on the right-hand side of the watch 11 in FIG. 2.
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Both of the controls 39 and 41 may be pressure-sen-
sitive, temperature-sensitive, or capacitive sensing ele-
ments. Each of the elements 39 and 41 is operative to
cause the set-reset circuit 97 to introduce a proper
pulse from the divider 93 into the decoder-driver 95, to
advance or reset both of the rings 19 and 21. Specifi-
cally, the element 39 may serve to advance the rings 19
and 21, while the device 41 may serve to set them
backward. Advantageously, circuitry may also be pro-
vided in the set-reset block 97 to respond differently to
pressure upon the devices 39 and 41, depending upon
the length of time that such pressure is applied. Thus, a
relatively short actuation of either of the devices 39
and 41 (less than 3 seconds, for example) may cause
the hour and minute rings 19 and 21 to move 1 minute.
Then, if actuation is maintained for a period of time
longer than, say, 3 seconds, the hour and minute rings
19 and 21 may be caused to move by the circuitry pro-
vided for that purpose in the block 97, at an ac-
celerated rate, such as between 10 and 60 minutes per
second, so long as such pressure continues to be ap-
plied. This two-speed time setting provision permits
fast and yet accurate adjustment of time without eye
strain. Typically, where a relatively large adjustment of
time is required, the proper one of the pressure-sensi-
tive devices 39 and 41 would be depressed for a rela-
tively long period of time to bring about the high rate of
adjustment, and when the rings 19 and 21 have been
brought to approximately their proper position, the
pressure-sensitive device would be released and again
depressed for one or more short periods, to drive the
rings to their precise desired position by one or more 1
minute steps.

Where only the hour ring 19 is to be adjusted, as for
example where a time zone is being crossed, a separate
pressure-sensitive device, such as the device 43 on the
upper left of the watch 11, may be used. The pressure-
sensitive device 43 is also electrically connected to the
set-reset circuit 97, so as to cause the hour ring 19 to be
advanced, by 12 minute steps, for example, in response
to each short pressure pulse upon the device 43. Ac-
celerated advancement of the hour ring 19 may be
achieved by prolonging the pressure upon the device
43. If only one ring is adjusted, the synchronous rela-
tion between it and the other rings is controlled elec-
tronically. Another pressure-sensitive device 45, shown
at the lower left of the watch 11 in FIG. 2, may be pro-
vided to set the date ring 17 in the same manner as the
hour ring 19.

Many modifications of the disclosed system are
possible; for example, instead of using a three-phase
electromagnetic drive, a two-phase drive such as that il-
lustrated in FIGS. 12 and 13 may be employed. The
drive shown in FIG. 12 consists of two electromagnetic
devices 101 and 103 and a ring 99 having magnetic
domains 105 thereon. Each of the electromagnetic
devices 101 and 103 includes a permanent magnet typi-
cally U-shaped, as the magnetic 77 of FIG. §. Addi-
tionally, each of the devices also includes a coil (not
shown) such as the coil 79 of FIG. 5. Each of the mag-
netic domains 105 is so shaped as to insure that any
torque exerted by the electromagnetic devices 101 and
103 upon the ring 99 will be clockwise. To step the ring
99, the electromagnetic devices 101 and 103 are alter-
natively pulsed so as to alternately diminish or
eliminate their magnetic effect. The position shown in
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FIG. 12 represents a rest position for the ring 99 in
which it is held stationary by virtue of the fact that the
domain A is centered in the electromagnetic device
103. To advance the ring one step from its position
shown in FIG. 12, a pulse must be applied to the coil of
the electromagnetic device 103. This diminishes the
holding force of that device upon the domain A and
permits the domain B to be pulled clockwise by the
. electromagnetic device 101.

Alternatively, instead of shaping the domains 105 as
in FIG. 12, the electromagnets of the electromagnetic
devices 109 and 111 may be shaped instead. The
pulsing sequence remains the same and the devices 109
and 111 are alternatively pulsed in order to alternately
diminish the magnetic etfect of one relative to the other
(FIG. 13).

The configuration of the rotating rings and of the
electromagnetic devices used to drive them may also be
varied considerably from that shown in the preceding
figures. In FIG. 144 a flat ring 115 is driven by an elec-
tromagnetic device having a permanent magnet core
117, shaped somewhat like an inverted G and having a
coil 119 on its bottom leg.

A T-shaped ring 121 having a shank 123 is shown
driven by a U-shaped permanent magnet 125 having a
coil 127 wound around its bottom, in FIGS. 14b. This
-drrangement has the advantage of a large display area
and a good bearing being provided by the U-shaped
permanent magnet 125.

Yet another possitile configuration is shown in FIG.
14c, in which a flat ring 129, similar to the flat ring 115
of FIG. 144, is driven by a permanent U-shaped magnet
131, having a coil 133 around its center portion. This
arrangement does not quite provide as good a bearing
as that shown in FIG. 14b, but it does also provide a
relatively large display area for letters to be carried on
the ring 129. Also, rather than the U-shaped cores of
the electromagnetic devices being permanent magnets
along their entire length, they could also have a per-
manently magnetized portion anywhere along their
length. Moreover, the domains could be magnetized
permanently and the core pieces could then be merely
of a magnetic material, but not permanently mag-
netized. Another possible modification would be to
provide each ring with one or more magnetic domains
clustered closely at one portion of the ring. Elec-
tromagnetic devices would be distributed along the
periphery of the ring to be pulsed in succession to drive
the ring. .

Nor are the possible variations in driving means
limited to those operating on electromagnetic princi-
ples. The drive system may also be based on electro-
static, fluidic, or even mechanical principles, although
the latter would be undesirable in most cases.

An alternative configuration for the ring support ar-
rangement of FIG. 5 is illustrated in FIG. 18§, with cor-
responding parts having the same numbers, but with
the suffix ‘‘a’” added. The essential difference between
the two conflguratlons is that in the arrangement of
FIG. 15 the total contact surface between the ring 19a
and the bearing 63a is much less than in the FIG. §
device. This is achieved by providing a plurality of pro-
jections 135 which extend from the body of the bearing
to contact the ring over only a fraction of its total sur-
- face. Additional projections 137 and 139 extend
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toward the ring 194 from the lens 51a and the top of the
ring retainer block 49a, respectively. Together, the
projections 135, 137, and 139 serve to slideably sup-
port the ring 19a for rotation with a minimum of frlc-
tion, particularly starting friction, while restricting xts,
movement in every other direction. The bearing 63a
may be impregnated with a lubricant, with the total
contact surfaces of its projections 135 being suffi-
ciently small in relation to the weight of the ring 19a to
cause the lubricant to be secreted from the bearing due

‘to the contact pressure exerted upon its projections

135 by the ring. With or without such lubrication, the

starting friction between the bearing 63a and the ring. ~

194 will diminish with increasing contact pressure, par-
ticularly when both of them are made of plastic.

A possible problem with a rotating ring display of the
type disclosed herein is that the rings may slip if the dis-
play is subjected to extremely large rotative accelera-
tion forces. This may occur, for exampie, when the dis-
play is part of a watch worn by a person engaged in
vigorous movements such as serving at tennis, or ham-
mering a nail. Where this is a problem, it may be solved
in two ways. First, those electromagnetic devices which
drive rings whose positions are critical, such as the
date, hour, and minute rings, may be provided with
stronger holding magnets than the devices associated
with the second ring, whose position is not critical. The
advantage of this arrangement is that the inherently
large driving power necessary for the second hand can
be minimized at the expense of holding stability, which

- for the second hand is really not a crucial requirement.

35

On the other hand, the holding power for the other
rings, whose positions are critical but whose power dis-
sipations are inherently low, can be raised with a rela-

- tively small expenditure of power. In other words,

40

power dissipation is allocated unequally among the
rings for maximum efficiency.

A second solution to ring slippage is to sense the
signals which are induced during ring slippage in the
electromagnetic driving means associated with each

. ring by the magnetic domains upon the ring, since these
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signals are representative of the direction and extent of
ring slippage. Such signals are best sensed during the
intervals which occur between the application of driv-
ing pulses to the electromagnetic driving means. By
means of additional electronic circuits included with
the drive circuitry, the slippage information can be
processed and driving pulses can be generated,
preferably in between regular driving pulses, and ap-
plied to those same electromagnetic driving means, so
as to compensate for the detected slippage. An impor-
tant advantage-of this method is that the same elec-
tronic driving means and the same interconnections
betwcen them and the drive circuitry serve both to
drive the rings and to detect their change of position.

It may thus be seen that the present invention pro-
vides a display device in the form of rotating rings
which is much more suitable for use in electronic
watches than anything presently available. The display
device of the present invention makes possible a watch
which is completely sealed, which requires little power
since its rings are maintained in their rest positions by
permanent magnets, and whose rings may be set, as
well as advanced, independently or in combination,
without any mechanical devices and at various rates for
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convenience. And yet this has been achieved without
any comprise in legibility of the display. Indeed, the dis-
play made according to the present invention can be
made to be much easier to read than present watches
having hands, since each of the rotating display rings
may be arranged to show their indicia through display
windows singly, so that even a child can read them at a
glance. Moreover, not only can a watch incorporating
the display device of the present invention be made to
consume less power and be read more easily and be
more resistant to environmental hazards than presently
available watches, but such a watch can also be
produced at less expense, due to the ease with which
-the rotating rings can be assembled into their casings,
which have concentric grooves or annuli for receiving
them.

Iclaim:

1. An electronic watch comprising:

a. a plurality of indicia-bearing rings of different
diameters;

b. a sealed casing for supporting said rings therein in
an independently rotatable concentric relation-
ship; '

c. means for generating a pulse train having a
precisely predetermined pulse repetition frequen-
cy; and

d. means responsive to said pulse train for driving
said rings at different rates, said means being
physically separate from, but operatively coupled
to, all of said rings.

2. An electronic watch in accordance with claim 1
and characterized further in that said casing includes a
plurality of sealed annular chambers, each of which
contains a different one of said rings.

3. An electronic watch in accordance with claim 1
and characterized further in that each of said rings car-
ries a plurality of spaced-apart magnetic domains, and
said means for driving includes at least two electromag-
netic means adjacent said rings.

4. An electronic watch in accordance with claim 2
and characterized further in that said casing includes at
least two pairs of slots straddling each of said annuli,
said rings each include a plurality of equispaced mag-
netic domains, and said means for driving includes at
least two electromagnetic means magnetically coupled
to the magnetic domains of said rings, each said elec-
tromagnetic means having a U-shaped, permanently
magnetized core extending into a respective one of said
pairs of slots and having an electric coil wound thereon.

5. An electronic watch in accordance with claim 3
_ characterized further in that said magnetic domains

have a U-shaped cross-section.

6. An electronic watch in accordance with claim 3
and characterized further in that said means for driving
includes at least three electromagnetic means for each
of said rings and means for deriving from said pulse
train three differently phased pulse trains, each for
energizing a different one of said electromagnetic
means.

7. An elcctronic watch in accordance with claim 3
and characterized further in that said means for driving
includes means for deriving from said pulse train two
differently phased pulse trains, cach for energizing a
different one of said electromagnetic means.

10

15

20

25

30

35

40

45

50

55

60

14

8. An electronic watch in accordance with claim 1
and characterized further in that each of said rings in-
cludes a plurality of magnetic domains.

9. An electronic watch in accordance with claim 8
and characterized further in that said magnetic
domains have a U-shaped cross-section.

10. An electronic watch in accordance with claim 2
and characterized further in that said casing includes
means for selectively driving less than all of said rings in
order to set them, said means being operable to drive
said rings at a first rate in response to said means being
actuated up to a given length of time and at a second
rate in response to a longer actuation of said means.

11. An electronic watch comprising

a. first and second flat casings, the second casing
being stacked on the first and having a top wall
which is at least partially transparent;

- a plurality of concentric, individually sealed annu-
lar chambers in said second casing, each of said
annular chambers containing a freely rotatable
ring having a plurality of magnetic domains
thereon and carrying indicia visible through said
top wall;

c. a set of at least two electromagnetic means
anchored in said first casing for each of said rings,
each said electromagnetic means having a per-
manent magnet extending into said second casing
and magnetically coupling the magnetic domains
of a respective one of said rings, and a winding on
said magnet, and

d. an electronic drive circuit in said first casing con-
nected to apply driving pulses to each of said
windings.

12. An electronic watch in accordance with claim 11
and characterized further in that the magnets coupling
the magnetic domains for a given ring are positioned to
hold said ring stationary in'a plurality of equispaced
rest positions, and the windings on said magnets are
operative when alternately energized, to advance said
rings successively from a given one of its rest positions
to the next one of said rest positions.

13. A display for an electronic wristwatch of the type
having an electronic time standard circuit, said display
comprising

a. a plurality of indicia-bearing rings of different
diameters, each carrying a plurality of magnetic
domains thereon,

b. a sealed casing for supporting said rings therein in
an independently rotatable concentric relation-
ship, said casing being at least partially transparent
to render said indicia visible; and

c. a set of at least two electromagnetic means mag-
netically coupled to the domains of each of said
rings.

14. A display in accordance with claim 13 and
characterized further in that said electromagnetic
means each includes a permanent magnet for holding
one of said rings stationary and a winding on said mag-
net for counteracting its magnetic field so as to permit
said ring to turn.

15. A display for an electronic watch comprising

a. at least one indicia-bearing ring carrying a plurali-
ty of magnetic domains,

b. a casing for rotatably supporting said ring therein;
and
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c. electromagnetic driving means fixed relative to. 2. a plurality of electric windings coupled to said
said casing, magnetically coupled to said domains magnets for causing them, in response to elec-
and including , tric current, to exert a forward thrust upon said
1. a plurality of permanent magnets positioned to ring s0 as to advance it from a given onc of its
hold said ring stationary in a plurality of 5 test positions to its next rest position.
equispaced rest positions, and .
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