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AUTOMOTIVE DISTRIBUTOR AND IGNITION
SYSTEM
Arthur J. Koda, Morton Grove, and John Kutyla and
Richard H, Marks, Chicago, Il., assignors to C. P.
Clare & Company, Chicago, IIL, a corporation of
Delaware
Filed July 9, 1964, Ser. No. 381,478
17 Claims. (Cl. 315—2909)

This invention relates to an automotive distributor and
ignition system and, more particularly, to a distributor and
electrical ignition system using a sealed magnetic switch,
as well as a method of and an apparatus for making and
testing the distributor and ignition system.

The automotive systems now in general use are ones in
which the battery current flowing in the primary of an
ignition coil or transformer is periodically interrupted in
a timed relation with the operation of the engine so that
the high voltage induced in the secondary winding of the
coil can be applied in sequence or distributed to the spark
plugs of the engine. The usual arrangement for interrupt-
ing the primary current includes a pair of normally closed
contacts formed of tungsten or similar material which are
connected in series with the primary winding and the
battery and which are separated by means of a rubbing
block carried on one of the contacts that is biased against
a timing cam on the distributor shaft. Although the perio-
dicity of the contact actuation remains substantially un-
changed by virtue of the fixed faces of the timing cam, the
timing of the interruptions and the consequent sparks can
be advanced relative to the engine cycle by centrifugally
controlled means and vacuum controlled means in ac-
cordance with changes in engine speed and acceleration.

This type of distributor and electrical ignition system
is subject to a number of known deficiencies that result in
reduced engine performance and frequent replacement of
parts or at least remedial maintenance. These disadvan-
tages are both mechanical and electrical in nature, and,
even though considerable efforts have been made over the
years to obviate these deficiencies or to provide a satisfac-
tory substitute, the distributor-ignition system described
above has remained basically unchanged in its approach,

One of the primary sources of difficulty arises from the
use of the pivoted breaker contacts which are periodical-
ly separated to interrupt the primary current under the
control of the displacement of the rubbing block by the
successive faces of the cam. The tungsten contacts nor-
mally used switch currents of from 3 to 5 amperes in the
ambient atmosphere with the result that the contacts not
only become pitted, eroded, and oxidized, but are sub-
ject to surface contamination from agents in the atmos-
phere. This frequently necessitates replacement of the
breaker contacts. In an effert to provide uniform low con-
tact resistance as well as to insure that the rubbing block
follows the configuration of the cam, it is necessary to
apply substantial biasing forces to the contacts and,
through the rubbing block, to the cam. This transverse
application of force to the timing shaft adversely affects
the distributor bearings, does not insure adequate con-
tact operation, conmtributes to rubbing block wear, and
aggravates bounce or inadvertent opening and reclosure
of the breaker contacts. The wearing of the rubbing block
introduces the additional disadvantage of causing a re-
tardation of the timing of the spark.

This type of ignition also suffers from a number of ad-
ditional electrical difficulties other than those occasioned
by the deterioration of the contacts. The speed at which
the breaker contacts are separated is determined by the
speed at which the timing shaft or cam is rotated. At low
or cranking speeds, the contacts are separated relatively
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slowly with the result that the current flowing through the
primary of the coil forms a sustained arc between the
breaker contacts. This not only injures the contacts but
also causes a dissipation of the stored energy with the re-
sult that less energy is available for ignition of the com-
bustible mixture. At high speeds, the rubbing block fre-
quently is unable to precisely follow the configuration of
the cam with an attendant variation in spark timing. In
addition, there is a pronounced tendency at high speeds
for the breaker contacts to bounce with the result that the
dwell period of the contacts or the period in which they
are closed is substantially reduced in duration. This can
prevent an adequate increase or build-up in the flux of
the coil with the result that the spark voltage is missing
or severely attenuated in amplitude. All these factors tend
to cause excessive fuel consumption and erratic or in-
efficient engine performance.

Although many attempts have been made to obviate the
problems presented by the breaker contacts now used,
virtually the only radical departure from the type of dis-
tributor or ignition system described above that has
achieved any substantial degree of commercial use is a
transistorized ignition system. In general, a transistorized
ignition system employs a controlled conduction semi-
conductor or solid state device as a switch for interrupt-
ing and establishing current flow through the winding of
the ignition coil. The semiconductor device is periodical-
ly placed in conduction under the control of pulses gen-
erated in synchronism with the operation of the engine by
either magnetic induction means or conventional cam
operaied contacts carrying, however, a relatively small
current. This type of system requires a large number of
components with the attendant increase in initial and
maintenance costs, and many of the components are so
voltage sensitive as to require the addition of further volt-
age stabilizing and protective devices to the circuit. Even
with the additional protection afforded by the liberal use
of Zener diodes and other transient protection networks,
the semiconductor devices frequently are damaged to the
extent that the ignition system is rendered inoperative. A
further difficulty inherent in this approach is the inability
of service personnel to perform customary engine mainte-
nance without either replacing the entire system or receiv-
ing extensive additional training in the care of circuits
using solid state devices.

Accordingly, one object of the present invention is to
provide a new and improved automotive distributor and
ignition system.

Another object is to provide an ignition system pro-
viding efficient engine operation over the entire range of
engine operating speeds.

A further object is to provide an electrical ignition
system capable of economic manufacture and easy main-
tenance.

A further object is to provide an ignition system in
which the primary current flow through the coil is in-
terrupted and established with uniformity over the full
operating range of the engine.

A further object is to provide a distributor construc-
tion having contact means of virtually unlimited life and
uniform contact characteristics.

Another object is to provide an automobile distributor
construction in which the distributor shaft is substantially
free of externally applied unbalanced forces.

A further object is to provide an automotive ignition
system including a sealed magnetic switch periodically
operated by moving permanent magnet means to control
the generation of a sparking potential,

A further object is to provide an automotive igni-
tion system in which a sparking potential of a uniform
magnitude is provided by using the constant transfer time
of a sealed magnetic switch.
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A further object is to provide an automotive ignition
system in which a magnetically biased bistable sealed
magnetic switch is operated between its alternate posi-
tions by oppositely poled permanent magnets to provide
means for controlling the generation of a sparking po-
tential. -

Another object is to provide an automotive ignition
system including a polarized magnetic switch periodically
operated by a plurality of permanent magnets in which
the biasing magnet for the sealed magnetic switch is se-
lectively positioned in dependence on the direction of
movement of the permanent magnets.

Another object is to provide an electric ignition system
or distributor including a magnetically biased bistable
sealed magnetic switch with mercury-wetted contacts
which is operated by oppositely poled permanent mag-
nets moving in synchronism with the operation of the
engine.

Another object is to provide an electrical ignition sys-
tem using a sealed magnetic switch including a new and
improved protective network for the switch.

Another object is to provide an electrical ignition sys-
tem using a sealed magnetic switch having a fixed op-
erate time in which novel means are provided for com-
pensating for the operate time of the switch.

A further object is to provide a method of making auto-
motive ignition systems in which a sealed magnetic switch
is operated by a plurality of spaced and moving mag-
netic fields which includes the steps of adjusting the mag-
netic fields to provide operation of the switch at desired
points in the path of movement.

A further object is to provide a method of making auto-
motive distributors using a magnetic switch operated by
a plurality of moving permanent magnets including the
steps of saturating the magnets and then selectively re-
ducing the fields of the permanent magnets until the mag-
netic switch is operated at the desired intervals,

Another object is to provide a method of making an
automotive distributor using a biased magnetic switch
periodically operated by a plurality of permanent mag-
nets which includes the steps of adjusting the permanent
magnets to achieve substantially equally spaced- cpera-
tion of an unbiased switch and then adjusting the bias ap-
plied to the switch to cause its operation. by the per-
manent magnets at the desired times.

A further object is to provide a method of making
an automotive distributor having a magnetically biased
switch which is operated by a plurality of rotating per-
manent magnets which includes the steps of adjusting the
permanent magnets to achieve proper operation of the
switch and then adjusting the bias applied to the switch in
accordance with the direction of movement of the per-
manent magnets to cause its operation ‘at desired intervals.

A further object is to provide apparatus for making
automobile distributors which includes means for ro-
tating a plurality of spaced permanent magnets relative to
a magnetic field detecting means and means synchronized
with the moving means for determining the relative
values of the magnetic fields at desired points in the path
of movement.

Another object is to provide an apparatus for making
automobile distributors in which a sealed magnetic switch
is periodically operated by a plurality of spaced per-
manent magnets which includes means for moving the
permanent magnets relative to the sealed magnetic switch,
means synchronized with the movement of the perma-
pent magnets for determining the positions in the path
of movement at which the switch is operated, and addi-
tional means for-altering the fields of the permanent mag-
net to adjust the positions in the path of movement of the
permanent magnets at which the sealed switch is actuated.

In accordance with these and many other objects, an
embodiment of the invention comprises an electric auto-
motive .ignition system including a coil having a pri-

15

20

25

30

35

40

60

65

70

75

4

mary winding and a secondary winding that is coupled
in sequence to a plurality of spark generating means Or
spark plugs in an engine by a distributor. The primary
winding is connected in series with a potential source,
such as an automobile battery, through the mercury-
wetted contacts of a sealed magnetic switch. The sealed
magnetic switch is operated in synchronism with the en-
gine cycle so that the periodic collapse of the field of the
primary winding of the coil induces a high value sparking
potential in the secondary winding of the coil which is
forwarded over the distributor arm or wiper to the proper
one of the spark plugs.

The novel distributor construction embodied in the
electrical ignition system comprises a sealed mercury
switch mounted with at least some of its magnetic termi-
nals disposed adjacent the path of rotation of a carrier
means that is rotated in synchronism with the operation
of the engine. The positions of the carrier means and the
sealed magnetic switch can be shifted relative to each
other by vacuum or centrifugally actuated means to pro-
vide speed and acceleration responsive means for advanc-
ing the spark with respect to the engine cycle.

In one embodiment of the invention using a bistable
sealed switch, oppositely poled biases are applied to two
alternately engaged contacts or terminals of the sealed
switch, and the carrier is provided with peripherally
spaced permanent magnets of alternate and opposite po-
larities. The alternately engaged contacts or terminals of
the switch are connected in common so that the sealed
switch provides a conductive circuit for the primary wind-
ing of the coil whenever the switch is in either one of its
alternate states and so that the energizing circuit for the
primary winding is interrupted only during the constant
value transfer time in which the armature is moving from
engagement with one of the contacts to the other of the
contacts. Thus, when relative movement is produced be-
tween the magnetic switch and the magnetic field generat-
ing means, the armature is moved into alternate engage-
ment with the two magnetic terminals or contacts to peri-
odically interrupt the flow of current in the primary wind-
ing.

In a second embodiment using a single-side-stable mag-
netic switch, the carrier presents oppositely peled mag-
netic fields to one terminal of the switch in succession so
that the armature moves away from and back into en-
gagement with the biased terminal. The biased terminal
is the only terminal connected in series between the po-
tential source and the primary winding. Thus, the mo-
mentary operation of the single-side-stable switch also
provided periodic interruption of the primary current in
response to relative movement between the sealed mag-
netic switch and the permanent magnets on the carrier
means,

In one method of manufacturing the novel automotive
distributor, permanent magnets on the carrier are satu-
rated, and the sealed switch is disposed adjacent the path
of movement of the carrier to be subjected to the fields
of the permanent magnets as relative movement is pro-
duced between the carrier and the sealed switch. The
point at which the switch is operated by the magnetic
fields is determined, and the effective fields of the perma-
nent magnets are adjusted so that the sealed switch is op-
erated at the desired positions. Normally, the sealed
switch is operated at equally spaced positions corres-
ponding to the intervals in the engine cycle at which the
combustible mixture is to be ignited.

In another method of forming distributors and ignition
systems embodying the present invention, the permanent
magnets on the carrier are saturated and reduced to sub-
stantially equal values so that a detecting means, such
as a magnetic reed switch, is operated at equally spaced
points in the path of relative movement between the car-
rier and the detecting means. This detecting means is
then replaced with an unbiased sealed magnetic switch,
and relative movement is again produced between the
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permanent magnet and the sealed magnetic switch. The
magunetic biasing means for the switch is then moved into
proximity to at least one of the magnetic terminals and
its position varied while observing the points or positions
in the engine cycle at which the switch is operated until
such time as the operating points have been adjusted to
those required by the engine cycle. The biasing means is
then fixed in position.

The sealed magnetic switch having mercury-wetted
contacts embodied in the present invention not only has
virtually unlimited life but also has uniform contact re-
sistance so as to obviate the need for replacing these con-
tacts during the operating life of the engine, The arma-
ture of the switch is separated from the contacts at ex-
tremely high acceleration regardless of the speed of op-
eration of the engine to avoid arcing at low engine speeds
and is magnetically biased in its closed positions to pre-
vent contact bounce. In addition, the switch is operated
to provide a substantially uniform transfer time regard-
less of engine speed to provide a fixed dwell or closed cir-
cuit time during which the flux build-up in the coil at-
tains a uniform level with the attendant avoidance of any
reduction in engine performance at either high or low
speeds. Further, the use of magnetic coupling between
the magnetic operating means and the magnetic switch
during operation of the distributor avoids any change in
engine timing arising from the wear of components such
as the rubbing block. This also avoids the application of
unbalanced forces to the timing or distributor shaft with
the result that wear of the bearings is reduced. In addi-
tion, the time lag in the response of the vacuum and me-
chanical advance means in conventional constructions re-
sulting from the friction loading or mechanical drag on
the cam. is minimized.

Many other objects and advantages of the present in-
vention will become apparent from considering the fol-
lowing detailed description in conjunction with the draw-
ings in which:

FIG. 1 is a perspective view partially in schematic
form of an automotive distributor embodying the present
invention;

FIG. 2 is an enlarged sectional view taken along line
2—2 in FIG. 1;

FIG. 3 is a sectional view taken along line 3—3 in FIG.
2 illustrating one set of relative positions of a magnetic
switch and magnetic operator means included in the dis-
tributor construction;

FIG. 4 is an enlarged sectional view taken along line
4—4 in FIG, 3 illustrating the corresponding state of the
sealed magnetic switch;

FIG. 5 is a fragmentary sectional view similar to FIG.
3 illustrating a different set of relative positions of the
sealed magnetic switch and the magnetic operator means;

FIG. 6 is an enlarged sectional view taken along line
6—6 in FIG. 5 showing an alternate operative state of the
sealed magnetic switch;

FIG. 7 is a schematic circuit diagram of an electrical
ignition system embodying the present invention;

" FIG. 8 is a top plan view in partial section of a dis-
tributor construction similar to that shown in FIG. 1
but including a pair of sealed magnetic switches;

FIG. 9 is a schematic circuit diagram of an electrical
ignition system using the distributor construction shown
in FIG. 8;

FIG. 10 is a top elevational view in partial section il-
lustrating a modification of the distributor construction
using a single-side-stable magnetic switch;

FIG. 11 is an enlarged sectional view taken along line
11—11in FIG, 10;

FIG. 12 is an alternate embodiment of the distributor
construction shown in FIG. 10 using a single-side-stable
sealed magnetic switch;

FIG. 13 is a sectional view taken along line 13—13
in FIG. 12;

FIG. 14 is a schematic diagram of an apparatus for
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carrying out a method for manufacturing and testing
automotive distributors embodying the present invention;
and

FIG. 15 is a schematic diagram of an apparatus for
performing another step in the method of manufacturing
the automotive distributors.

Referring now more specifically to FIGS. 1-7 of the
drawings, therein is illustrated an electric ignition sys-
tem 20 (FIG. 7) which embodies the present invention
and which includes a novel distributor construction or
assembly 22 (FIG. 1). The distributor construction 22
includes a sealed magnetic switch 24 that is magnetically
biased for bistable operation by a biasing magnet 26, The
switch 24 is disposed adjacent the path of movement of
a carrier or operator assembly indicated generally as 28
which is rotated in synchronism with the operation of
an engine and which provides alternate magnetic fields
of opposite polarity for operating the sealed magnetic
switch 24. The contacts of the switch 24 are connected
together and to a source of potential, and the armature of
the sealed magnetic switch 24 is connected to one ter-
minal of the primary winding 364 (FIG. 7) of a conven-
tional ignition coil 36. A secondary winding 30b of the
ignition coil 30 is connected to a distributor arm or
wiper 32 which engages a plurality of distributor points
34 in sequence to apply a spark potential or voltage to
corresponding spark generating means or spark plugs
indicated generally as 36.

In operation, the armature of the sealed magnetic
switch 24 normally engages one of the terminals or con-
tacts of the switch 24 to complete an energizing circuit
for the primary winding 36z of the ignition coil 30. In
response to relative movement between the carrier 28 and
the switch 24, the armature is moved out of engagement
with the previously engaged contact and into engagement
with the alternate one of the contacts so that current flow
through the primary winding 36q is interrupted during this
transfer time. The collapse of the flux field occasioned
by interrupting the flow of current through the primary
winding 30q induces a high voltage in the secondary wind-
ing 365 which is applied over the wiper 32 and the en-
gaged distributor point 34 to a selected one of the spark
plugs 36. The reclosure of the switch 24 reestablishes the
current flow through the winding 3%a and prepares the
ignition system 20 for applying firing potential to the
next spark plug 36 selected by the distributor arm 32.

The sealed magnetic switch 24 provides mercury-wetted
contacts of uniform low resistance operating in a con-
trolled atmosphere and has an established operating life
measured in terms of billions of operations. Thus, the
switch is not a component that is subject to failure and
replacement in the manner of the contacts previously used.
The sealed switch 24 is substantially free from bounce in
its biased mode of operation and possesses a substantijally
constant transfer time or open peried time so that the
angular time afforded for flux build-up due to current
flowing in the primary winding 30a remains substantially
constant over the entire operating speed range of the as-
sociated engine, thereby supplying sparking potentials of
a uniform maximum value over the full range of speeds
at which the engine is operated.

The armature of the magnetic switch 24 separates from
an engaged contact with a high rate of acceleration ap-
proaching 1500 g’s with the result that substantially no
energy is dissipated in arcing at the contacts, even at low
or cranking speeds of the engine. In this manner, the
the electrical ignition system 20 and the improved dis-
tributor construction 22 afford efficient and substantially
trouble-free engine performance over periods of time ex-
ceeding the useful operating life of most internal combus-
tion engines,

Referring now more specifically to the construction of
the distributor assembly 22, the sealed magnetic switch 24
included therein comprises an elongated dielectric or glass
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housing 38 in the lower end of which a terminal 40 is
sealed. The inner end of the terminal 40 carries a flexible
magnetic armature 42 provided with capillary or other
means for maintaining its opposite surfaces wetted with
mercury supplied from a pool thereof (not shown) within
the lower end of the elongated housing 38. A pair of
magnetic terminals or contact members 44 and 46 are
sealed in the upper end of the envelope 38 (FIGS. 4
and 6) and are provided with offset lower ends 44a and
46a adapted to be alternately engaged by the upper free
end of the magnetic armature 42. The outer ends of the
magnetic terminals or contacts 44 and 46 project up-
wardly in substantially parallel spaced positions and are
secured to the biasing magnet 26. Although the switch 24
can comprise any suitable construction, it preferably com-
prises a sealed switch of the type shown and described
in detail in the contemporancously filed application of
Herman P. Hempel, Ser. No. 381,446, which applica-
tion is assigned to the same assignee as the present appli-
cation.

As set forth above, the biasing magnet 26 is secured
to the portions 445 and 46b of the magnetic contacts 44
and 46. The biasing magnet 26 renders the sealed mag-
netic switch 24 bistable, i.e.; the armature 42 will be re-
tained in engagement with either of the contact portions
444 or 46a following engagement therewith and until posi-
tively displaced into engagement with the other one of
these contacts. The biasing magnet 26 is secured to the
upper portions 44b and 46b by any suitable means such
as soldering or epoxy cement in a position with the mag-
netic axis of the magnet extending generally transverse
to the longitudinal axes of the terminals 44 and 46, Al-
though the magnet 26 can be secured to the terminals 44
and 46 with any polar orientation, the magnet 26 shown
in the drawings includes a north pole disposed adjacent
the terminal 46 and a south pole disposed adjacent the
terminal 44. The magnetic bias applied by the magnet 25
is sufficient to impart bistability to the sealed switch 24.
In other words, the bias applied by this magnet is sufficient
to retdin the upper end of the armature 42 in contact with
either of the contact portions 4da or 46a of the terminals
44 and 46 following engagement therewith and until such
time as the armature 42 is positively deflected into en-
gagement with the alternate one of these terminals. In
addition, the biasing magnet 26 renders the switch 24
polarity sensitive so that the armature 42 will engage the
terminal 44 only when an applied flux field of a polarity
identical to the bias ‘applied to this terminal becomes pre-
dominant or, alternatively, will engage the terminal 46
only when the applied flux field has a polarity the same
as that applied to-the terminal 46. In general, the degree
of magnetic bias applied to the terminals 44 and 46 by
the magnet 26 is substantially the same although this will
be varied in dependence on manufacturing variations in
the production of the switch 24 and on the direction of
rotation of the carrier 28 relative to the switch 24.

The sealed magnetic switch 24 has a low uniform con-
tact resistance between the armature 42 and either of the
contacts 44 and 46 of 25-40 milliohms and has a sub-
stantially constant transfer time of from .2 to .5 millisec-
onds. This transfer time is the time elapsed between sepa-
ration of the armature 42 from one of the contacts 44 or
4% and the subsequent engagement between this armature
and the alternate one of the contacts 44 or 46. The arma-
ture 42 separates from the contacts 44 and 46 with an ac-
celeration approaching 1500 g’s. The switch 24, which is
operable over a temperature range from around —40° C.
to 1065° C., can be operated through two. hundred switch
cycles. per second or four hundred contact interruptions
per second, which is a speed of approximately one hun-
dred and fifty miles per hour for an eight cylinder auto-
mobile engine operating in high gear. The life of the
switch 24 has been established to be in excess of one bil-
lion operations, and a billion switch operations corre-
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sponds to -approximately two hundred thousand miles of
operation of an automobile engine.

To provide means for mounting the sealed magnetic
switch 24 adjacent the permanent magnet operator as-
sembly 28, an clongated dielectric housing 38 of the
switch is disposed within a non-magnetic or brass sleeve
48. The sleeve 48 is secured to or carried on the upper
surface of a plate 50 that is secured to the upper surface
of a timing plate 52 which is rotatably mounted on the
housing of the distributor. The lower end of the dielectric
housing 38 and the terminal 40 extend downwardly
through a pair of aligned openings 56a and 52a in the
plates 50 and 52, respectively, to permit the terminal 40
to be connected o one terminal of the primary winding
30a (FIG. 7) of the ignition coil 30. The plate 50 is se-
cured to the timing plate 52 by a plurality of headed
fasteners or machine screws 54. The plate 52 is mechani-
cally linked to a conventional vacuum unit 56 which is
coupled over a line 58 in the intake manifold side of the
engine. The vacuum unit 56 provides means for adjust-
ing the position of the sealed magnetic switch 24 relative
to the operator assembly 28 and thus provides means for
advancing or retarding the spark potential in dependence
on the vacuum existing in the intake manifold of the
engine. In this manner, the position of the magnetic
switch 24 is shifted in dependence on the load applied
to the engine.

The operator assembly 28 for actuating the sealed mag-
netic switch 24 is operated or rotated in synchronism with
the operation of the engine and comprises a generally cir-
cular dielectric plate 66 coupled to a distributor shaft 62
and having a plurality of peripherally spaced and gener-
ally radially extending recesses 64 for receiving a plurality
of permanent magnets 66. A circular ring of non-magnetic
material 68 surrounds the member 60 and closes the outer
ends of the recesses 64. The ring 68 is spaced about
146 of an inch from the magnetic terminals 44 and 46.
The operator assembly 28 is provided with a number of
permanent maguets 66 equal to the number of cylinders
in the engine or, in instances in which more than a single
magnetic switch 24 is provided, the product of the num-
ber of switches and the number of permanent magnets or
magnetic field reversals is equal to the number of cylin-
ders. The permanent magnets 66, which are provided with
longitudinal magnetic axes lying generally along radii of
the plate 66, are so mounted on the member 6 as to pre-
sent alternate poles of opposite polarity. A top plate 76
of non-magnetic material is secured in spaced position
above the member 66 by a plurality of machine screws 72
so as to secure or clamp all of the permanent magnets 66
in position within the recesses §4. Although the magnets
66 are shown as being cylindrical in configuration and
having axially extending magnetic axes, the magnetic
field generating means can be electromagnetic in nature
and can comprise permanent magnets of various config-
urations so long as rotation of the assembly 28 presents
successive oppositely poled fields to the magnetic switch
24. Similarly, although the supporting structure of the
permanent magnets 66 comprises a multipart construction,
the magnets 66 could, for instance, be cast or molded in
a unitary block of non-magnetic material.

The operator assembly 28, which is rotated in syn-
chronism with the engine by the shaft 62, is coupled to
the shaft by a centrifugally actuated assembly 8% to pro-
vide means for shifting the position of the assembly 28
relative to the shaft 62 in response to changes in the
speed of operation of the engine. The provision of the
assembly 8¢ thus provides means for changing the timing
of the sparking potential relative to the engine cycle.
The assembly 80 includes a pair of flyweights 82 and 84
which are pivotally mounted on the plate 70 by a pair
of pivot pins 86 and 88, respectively. A pair of cam
follower surfaces 82a and 84a on the flyweights 82 and
84 are continuously biased into engagement with the
outer cam surfaces on a cam plate 8% secured to the shaft
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62 by a pair of tension springs 9¢ and 92 which extend
between the upper ends of the pivot pins 86 and 88 and
a pair of pins 94 and 96 carried on the ends of the cam
plate 89. The shaft 62, which rotates in a counterclock-
wise direction (FIG. 1) in synchronism with the opera-
tion of the engine, rotates about an axis concentric with
the timing plate 52 and is provided with a bearing struc-
ture 98. The shaft 62 can be rotated or angularly shifted
relative to the plate or member 60 and is coupled thereto
through the assembly 80,

When the shaft 62 is rotated, the cam surfaces on the
cam plate 89 bear against the cam follower surfaces 82a
and 844 on the flyweights 82 and 84 which are mounted
on the plate 76 and transmit rotary movement of the
shaft 62 to the operator assembly 28 so that the perma-
nent magnets 66 are rotated past the magnetic switch
24 in a counterclockwise direction. As the speed or ro-
tation of the shaft 62 is increased, the free ends of the
elongated arms of the flyweights 82 and 84 are displaced
outwardly away from the axis of rotation of the shaft
62, and, because of the bearing engagement between the
cam surfaces on the cam plate 89 and the follower sur-
faces 82a and 844 on the flyweights 82 and 84, rotate
the circular plate 66 counterclockwise relative to the
shaft 62. Considered with respect to their prior positions
relative to the shaft 62, the permanent magnets 66 are
now advanced with respect to this shaft. Since the mag-
netic switch 24 is operated by the fields of the magnets
66, advancing the position of the permanent magnets 66
relative to the shaft 62 advances the actuations of the
magnetic switch 24 within the cycle of rotation of the
shaft and thus, the engine cycle. The cam plate 89 and
the followers 824 and 84a of the flyweights 82 and 84
are so designed as to provide an effective distributor ad-
vance of the sparking potential of around 12-15° as the
engine speed is advanced from zero to four thousand
r.p.m.’s,

Thus, the centrifugally actuated assembly 86 advances
the times at which the switch 24 is operated relative to
the engine cycle by advancing the positions of the per-
manent magnets 66 relative to the shaft 62. The vacuum
assembly 56 advances the operation of the switch 24 by
moving the timing plate 52 in a clockwise direction rela-
tive to the shaft in response to changes in engine condi-
tions. The clockwise movement of the timing plate 52
advances the position of the magnetic switch 24 rela-
tive to the permanent magnets 66 and the shaft 62 and
thus advances the time of operation of the switch 24
within the engine cycle.

Referring now more specifically to the electrical igni-
tion system shown in FIG. 7, the armature 42 of the
sealed switch 24 is connected to one terminal of the
primary winding 30z of the ignition coil 38, and the
two contacts 44 and 46 are connected together and to
a source of direct current potential, either directly or
through 2 series ballast resistor 108 having a value on
the order of 1 ohm. To provide a network for suppressing
any possible arcing when the armature 42 is separated
from either of the contacts 44 or 48, a contact protection
network including a series connected resistance element
102 and a capacitor 164 is connected in parallel with
the sealed magnetic switch 24. The capacitor 104, which
also performs the dual function of resonating the ignition
coil 30, can have any suitable value, although a ca-
pacitor of .22 microfarad has been used in ignition
systems 20 constructed in accordance with the present
invention. The construction and value of the resistance
element 162 has been determined to be of substantial
importance in insuring the absence of arcs in the sealed
magnetic switch 24, In the past, it has been determined
that it is necessary to provide no less than .5 ohms in
contact protection networks for mercury switches of a
construction similar to the switch 24, and it has pre-
viously been possible to use resistance elements of any
suitable construction, such as alloy resistance wire or
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conventional wire wound elements. In the ignition system
20, it appears to be necessary to use copper wire of rela-
tively large gauge in the formation of the resistor -102.
In one system constructed in accordance with the present
invention, thirty-four inches of twenty-four gauge cop-
per wire was used, and in another instance, seventeen
and one-half inches of .125 x .002 inch insulated copper
strip in a tight coil was used in forming the element 192.
The resistance element in these systems apparently must
have a value around .1 ohm or less, and the elements
102 described above have a value of .05-.1 ohm, The
resistance element 102 should be made of a metal having
a resistivity on the order of 2.8 10~8 ohm-m, or less.
Although the necessity for providing this type of con-
struction and this value and composition for the resist-
ance element 162 is not fully understood, it is believed
that it may be due to the skin effect arising from high
frequency pctentials involved in the abrupt switching of
the highly inductive load.

Assuming that the ignition system 2§ and the distribu-
tor construction 22 are in the condition illustrated in
FIG. 7 in which the armature 42 engages the contact 46
and is magnetically held in engagement with this con-
tact, the primary winding 384 is energized from the uni-
directional potential source, and a primary current on the
order of three to five amperes is flowing through this cir-
cuit. The distributor construction 22 is in such a condi-
tion that the counterclockwise rotation of the shaft 62
moves a permanent magnet 66« presenting a south pole
into proximity to the leading magnetic terminal or con-
tact elment 46 (FIGS. 3 and 4) which is engaged by the
armature 42 and which is biased by the north pole of
the magnet 26. The magnetic field presented by the per-
manent magnet 66« is combined in the terminal 46 with
the bias flux and tends to cancel the bias provided by the
bermanent magnet Z6 to reduce or nullify the field hold-
ing the upper end of the armature 42 in engagement with
the magnetic terminal or contact 46. When the permanent
magnet 66a reaches a position indicated schematically
in FIG. 3, the oppositely poled biasing field applied to the
terminal 44 by the biasing magnet 26 overcomes the
forces tending to hold the armature 42 in engagement
with the contact 46 and transfers the armature 42 to a
position engaging the magnetic contact 44 (FIG. 4). The
field of the permanent magnet 66a tends to reinforce the
bias field applied to the terminal 44 by the biasing mag-
net 26 in its counterclockwise movement past the mag-
netic switch 24 from the position shown in FIG. 3 to the
position shown in FIG, 5. Thus, the magnetic switch 24
is now in the state shown in FIG. 4 of the drawings.

As set forth above, the magnetic switch 24 requires
a substantially constant period of time for mechanical
transfer of the armature 42 from the position engaging
one of the contacts 44 or 46 to a position engaging the
other of these contacts. Counsequently, when the armature
42 is transferred from a position engaging the terminal
46 to a position engaging the terminal 44 due to the
movement 0f the operator assembly 28 in advancing the
bermanent magnet §6a relative to the switch 24, the arma-
ture 42 is out of engagement with the contacts 44 and 46
for a period of from .2 to .5 milliseconds. During this
period, the primary current flowing through the winding
36a of the ignition coil 39 is interrupted, and the collapse
of the flux field induces a high potential in the secondary
winding 3046 which is applied by the wiper 32 to the
proper one of the spark plugs 36. The high rate of accel-
eration with which the armature 42 is separated from the
contact 46 substantially prevents the formation of arcs
and thus, the dissipation of energy stored in the primary
winding 38a.

When the armature 42 moves to the position shown in
FIG. 4, it is magnetically held in engagement with the
terminal or contact 44, and the energizing circuit for the
primary winding 30z is again established through the
engaged armature 42 and contact 44. This current builds
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up to assume a constant value, and the flux field for the
ignition coil 30 is again fully established. Continuing
movement of the operator assembly 28 moves the follow-
ing permanent magnet 66b of an opposite polarity toward
the terminal 46 of the sealed magnetic switch 24. The
polarity of the field provided by the permanent magnet
66b is the same as the polarity of the magnetic bias
applied to the terminal 46 by the magnet 26. Thus, these
two fields are additive in nature and provide a strong field
that is effective when the magnet 66b reaches a position
indicated schematically in FIG. 5 to overcome the oppo-
sitely poled biasing field applied to the armature 42 by
the magnetic contact 44. At this time, the armature 42
is transferred from the position shown in FIG. 4 to the
position shown in FIG. 6 and is held in engagement with
the magnetic terminal 46 by the combined fields of the
operator magnet 660 and the biasing magnet 26. The
movement of the magnet 66b past the terminal 44b is
not effective to shift the position of the magnetic arma-
ture 42 because it reduces the effective strength of the
south pole of the maguet 26 on the terminal 44b. Thus,
the sealed magnetic switch 24 has been transferred from
a position in which the armature 42 engages the contact
44 to one in which the contact 46 is again engaged by
the movement of the second or oppositely poled perma-
nent magnet 66b relative to the sealed magnetic switch.

The open circuit period during which the armature 42
is transferred from the contact 44 to the contact 46 again
interrupts the primary current flowing through the wind-
ing 30a so that the secondary winding 30b again applies
a high level of potential to the spark plug 36 selected
by the distributor arm or wiper 32. This operation using
the fields of the permanent magnets 66 and the bias mag-
net 26 in an additive sense when the contact 46 is to be
" engaged and in an opposing sense when the terminal 44
is to be engaged continues in the manner described above
during each cycle of rotation of the operator assembly
28 to cause eight momentary interruptions in the energiz-
ing circuit for the primary winding 36a. If the distributor
construction 22 is to be used with a six cylinder engine,
the assembly 28 includes only six permanent imagnets 66,
and the sealed magnetic switch 24 interrupts the primary
circuit only six times during each cycle of revolution.

The conventional breaker points used with an eight
cylinder engine have a dwell angle or a closed circuit
period of approximately 30° out of the 45° between cylin-
ders in an eight cylinder engine at idle and normal speeds.
By using the ignition system 20 and the distributor con-
struction 22 of the present invention, the sealed magnetic
switch 24 provides a dwell angle or closed primary circuit
condition of around 43° at idle and normal speeds and
thus allows a substantially longer time for a complete
flux build-up in the ignition coil 38. Thus, the system 29
and the distributor 22 provide an arrangement in which
the closed circuit time is more than 95% -of the available
45° of the engine cycle compared with 67% in a con-
ventional system. Further, since the open circuit period
in which current does not flow through the primary wind-
ing 30a is the transfer time of the magnetic switch 24,
and since this transfer time is substantially constant re-
gardless of the speed at which the switch 24 is actuated,
the ignition system 2§ provides a dwell angle or closed
contact period in excess of 40° at engine speeds as high
as 150 miles per hour. As set forth above, this cannot
~ be obtained with conventional ignition systems, and the

uniform dwell time at high and low speeds provided by
the ignition system 20 and the distributor assembly 22
substantially enhances engine performance at higher
speeds as well as lower speeds.

The relatively short and fixed period of time during
which the energizing circuit for the primary winding 30a
is interrupted, which period is set by the transfer time of
the switch 24, is also believed to contribute in an addi-
tional manner to the stability of the sparking potential at
high speeds. Tests that have been made on the system 20
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and the. distributor 22 indicates that the transfer period
of the switch 24 can be made short enough, considered rel-
ative to the other ignition circuit constants, that the flux
in the ignition coil 30 does not completely decay during
the open circuit period. The effective inductance value of
the primary winding 38a is proportional to the coil flux
level, and the incomplete decay of the flux during the
cirenit interruption results in the presentation of a smaller
inductive impedance to the energizing circuit when the
switch 24 recloses. This reduced impedance permits the
primary current to reach a greater value than is attained
with prior constructions  and to reach this value in a
shorter period of time. Because of the fact that the open
circuit period provided by the present invention remains
constant over the full range of operating speeds, the igni-
tion circuit constants can be designed to prevent complete
flux decay during the open circuit period. The fact that
the open circuit period interval varies with speed in prior
construction means that an arrangement providing a
short enough open. circuit period to prevent complete
flux decay at lower speeds might not provide any effective
decay at higher speeds in which the open circuit period
would be much less in duration. Alternatively, if the open
circuit period is made long enough at high speeds, the
fiux will completely decay during the longer open circuit
period at low speeds. This has the result that the primary
energizing circuit in prior arrangements “sees” different
load impedances varying with engine speed.

The operator assembly 22 in the illustrated distributor
construction 22 is rotated counterclockwise direction rela-
tive to the magnetic switch 24. The distributor 22 can
also be constructed with an operator assembly 28 rotating
in a clockwise direction relative to the magnetic switch
24 by reversing or inverting the arrangement of the com-
ponents in the centrifugally actuated assembly 80 and by
reversing the interconnection between the vacuum unit
56 and the timing plate 52. When the operator assembly
28 rotates in a clockwise direction with the biasing magnet
26 of the same polarity as that shown in FIGS. 1-6 of the
drawings, the movement of one of the permanent magnets
66a into proximity to the leading terminal 44 provides an
operating flux in an aiding relation to the biasing flux
applied to this terminal by the magnet 26. This flux over-
comes the holding force latching the armature 42 against
the terminal pin 46 and causes the armature 42 to be
transferred to a position engaging the terminal pin 44.
When a magnet 66b on a clockwise rotating operator as-
sembly 28 moves into proximity to the forwardly posi-
tioned or leading magnetic terminal 44, the flux of the
operator magnet 665 opposes the biasing flux provided by
the magnet 26 and reduces its effectiveness to the point
at which the armature 42 is transferred from a position
engaging the magnetic contact 44 to one engaging the
contact 46, In this manner, the distributor construction
22 can be -constructed for either clockwise or counter-
clockwise rotation. Further, with the distributor construc-
tion 22 embodying either clockwise or counterclockwise
rotation, the sequence of operation of the magnetic
switch, i.e., the order in which the magnetic contacts 44
and 46 are alternately engaged, can be reversed by re-
versing the direction of polarization of the biasing mag-
net 26.

As set forth above, the centrifugal assembly 80 can
effectively advance the spark 12-15° as the engine speed
is increased to four thousand r.p.m.’s. In fact, the cam sur-
faces on the cam plate 89 are so constructed and arranged
as to provide not only the twelve to fifteen degrees of ad-
vance normally provided to insure complete combustion
of the mixture at the proper point in the engine cycle, but
also an additional 12-15°0f advance that is not “seen”
by the engine to compensate for the operate time of the
sealed magnetic switch 24. The construction of this switch
is such that a finite time is required following the estab-
lishment of the proper magnetic conditions for operat-
ing the switch before the inertia of the armature 42 can
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be overcome to move this armature out of engagement
with the engaged one of the two magnetic contacts 44
and 46. This separation initiates the open circuit or trans-
fer time interval. This time required to place the arma-
ture 42 in movement following the establishment of cor-
rect magnetic operating conditions or the operate time of
the switch 24 remains fixed at around 1 millisecond over
the entire range of operating speeds of the engine and is
independent of the speed of rotation of the operator as-
sembly 28. At low speeds, the delay in the operation of
the switch 24 occasioned by the operate time is not ap-
preciable.

However, as engine speed and consequently the speed
of rotation of the operator assembly 28 increases, the
angular arc of movement through which the carrier 28
advances following the establishment of proper magnetic
operating conditions and prior to the actual interruption
of the primary current becomes progressively larger. Since
the actual separation of the armature 42 from the con-
tacts 44 or 46 determines the time at which the spark
potential is generated, the time lag occasioned by the
operate time appears as a progressively increasing delay
in the spark as engine speed increases. Accordingly, the
cam plate 89 is cut to provide twelve to fifteen degrees
of spark advance in addition to the twelve to fifteen de-
grees normally provided or whatever degree of advance
is prescribed by the engine manufacturer. Thus, as the
flyweights 82 and 84 are displaced outwardly in response
to an increase in the speed of rotation of the shaft 62, the
operator assembly 28 is advanced relative to the shaft
62 a first increment of movement to compensate for the
operate time of the switch 24. This spark advance is not
apparent to the engine because the switch 24 operates to
interrupt the primary current at the point that is expeced
by the engine. The displacement of the flyweights 82 and
84 also provides a second increment of advance, depend-
ent on the speed of rotation of the shaft, to effect an ad-
vance of the time in the engine cycle at which the spark
potential- is generated to compensate for higher engine
operating speeds in the conventional manner,

- As described above, the sealed magnetic switch 24 is
operated to close a circuit through the leading magnetic
contact or terminal 46 by applying the operating fields
from ‘the permanent magnets 665 to the terminal 46 in
an ‘additive or aiding relation to the biasing field from
the magnet 26. This switch is operated to close a conduc-
tive circuit through the trailing magnetic terminal 44 by
applying the operating fields from the magnets 66a to
the leading terminal 46 in a bucking ‘or opposed relation
to the biasing field from the magnet 26. The sealed switch
24 has the characteristic ‘that it responds faster or has a
shorter operate time when fluxes are applied to the ter-
minal pin 46 in an additive sense than when the fluxes
from the biasing magnet and the operating magnet are
applied in an opposed or bucking relationship. Since the
switch 24 must be operated at equally spaced time in-
tervals relative to the engine cycle. it is necessary to com-
pensate for this phenomenom in the distributor constric-
tion .22. This can be done in either of two manners. In
the first place, the strengths of the fields of the operating
magnets' 66 that supply the additive fields can be made
smaller than the fields of the permanent magnets pro-
viding bucking or opposing fields. This would mean that
in the counterclockwise rotating assembly 28, the fields of
the magnets 66b providing fields of the same polarity to
the leading terminal 46 as the biasing field provided by
the magnet 26 are made less in magnitude than the buck-
ing fields of the magnets 664. In the same manner, with a
clockwise rotating operating assembly 28 in which the
fields of the magnets 664 are applied to the leading mag-
netic-terminal 44 in an additive sense to the bias field, the
strengths of the fields of the magnets 66a would be made
less than the oppositely poled fields provided by the mag-
nets 66b. This technique involves using different strength
fields for adjacent ones of the permanent magnets 66
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and sometimes makes it more difficult to properly adjust
the operator assembly 28,

When the magnets 66 are the same in size, the dif-
ference in effective field strength is obtained during ad-
justment by “knocking down” the fields with an alter-
nating current field. This adjustment of adjacent magnets
can become time consuming. This can be obviated by
making the alternate magnets 66 that are to provide the
fields of lesser strength smaller in size than the remain-
ing magnets. In this way, effective fields of different
strengths can be provided without requiring one magnet
to be “knocked down” comsiderably more than the ad-
jacent magnets during adjustment.

A second technique can be used that obviates the dif-
ficulties sometimes encountered using permanent magnets
66 of different strengths in the operator assembly 28. More
specifically, the biasing magnet 26 can be so adjusted in
strength or in its position relative to the terminals 44 and
46 that the bias applied to the leading termina] considered
relative to the direction of rotation of the assembly 28
is less than the bias applied to the terminal spaced rear-
wardly relative to the direction of rotation of the op-
erator assembly 28. As an example, in the counterclock-
wise rotating assembly 28 in which a closed circuit is
completed through the pin 46 by adding the fluxes sup-
plied by the biasing magnet 26 and the permanent mag-
nets 66b, the strengths of all of the magnets 66 are set
substantially the same, but the bias applied by the magnet
26 to the terminal 46 is made less in strength than the
bias applied by the magnet 26 to the magnetic terminal
44. In this manner, the armature 42 is operated to en-
gage the magnetic terminal 46 by the magnets 66b at the
same time in the engine cycle or the path of relative
movement between the operator assembly 28 and the
switch 24 as the armature 42 is operated to engage the
magnetic terminal 44 by the permanent magnets 66a.

Similarly, in a clockwise rotating operator assembly
28, the bias applied by the magnet 26 to the leading mag-
netic contact 44, which is positioned forwardly in the
path of relative movement between the carrier 28 and
the switch 24 when the carrier 28 is rotated in a clock-
wise direction, is made less than the bias applied to the
magnetic ‘terminal 46. Thus, when the armature 42 is
actuated by the magnets 66a to engage the contact 44
with the operating and biasing fluxes applied in an aid-
ing relation, these operations will take place with the same
relative separation as when the armature 42 engages the
magnetic contact 46 with opposing fluxes from the mag-
nets 665 and 26 applied to the magnetic contact 44.

The sealed magnetic switch 24 has a useful operating
range extending up to two hundred switch cycles or four
hundred circuit interruptions per second, and this op-
erating speed is adequate for eight cylinder engines op-
erating at speeds as high as 150 miles per hour in high
gear. However, there are some instances in which it
would be desirable to provide means either to operate the
sealed switch 24 at a lower speed or to provide an ignition
system operable ‘at a higher number of revolutions per
minute. The distributor 22 utilizes a single sealed mag-
netic switch 24 in combination with an operator assembly
28 having a single magnetic field generating means or
permanent magnet 66 for each of the cylinders in the
engine. However, a number of other arrangements can be
used so long as the product of the number of sealed
switches and the number of operating fields is equal to
the number of cylinders in the engine. Thus, if the repeti-
tion rate at which the sealed switch 24 is operated is to
be reduced, the number of sealed switches in the circuit
can be increased, while reducing the number of operating
field generating means. In an eight cylinder engine, the
rate of repetition at which the field switch 24 is operated
can be reduced by a factor of two by providing four op-
erating fields in combination with two sealed magnetic
switch units,

A distributor construction 129 employing a pair of
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sealed magnetic switches 24 and 24’ is illustrated in FIG.
8 of the drawings. The distributor construction 120 is sub-
stantially identical to the distributor 22 except that only
four permanent magnets of alternate polarities spaced 90°
from each other are provided in the operator assembly
28. To illustrate this substantial identity, like reference
numbers are used in the distributor constructions 22 and
120 to designate similar components. One of the sealed
magnetic switches 24 is mounted on the plate 50 with
the terminals 44 and 46 disposed adjacent the path of
rotation of the operator assembly 28. The second sealed
magnetic switch unit 24’ is secured to the plate 5@ or
by means of a separate plate 50 to the timing plate 52
in a position spaced from the switch 24 along the path
of rotation of the operator assembly 28 at a distance that
is an odd multiple of one half of the distance separating
any two successive permanent magnets 66 on the carrier
assembly 28. This spacing is such that the four permanent
magnets 66 on the operator assembly 28 causes alternate
operation of the sealed magnetc switches 24 and 24’
at equally spaced time intervals synchronized with the
rate of rotation of the distributor shaft 62.

As an example, with the operator assembly 28 rotating
in a.counterclockwise direction and with the same bias
applied to both of the switches 24 and 24’ as shown in
FIGS. 1-6, the permanent magnet 664 adjacent the switch
24 operates this sealed switch to provide a sparking po-
_ tential by moving the armature 42 from a position en-
gaging the terminal 46 to one engaging the terminal 44.
The following permanent magnet 66b next operates the
sealed magnetic switch 24" by moving the armature 42
in this switch from a position engaging the terminal 44
to one engaging the terminal 46. This same magnet 665
will then operate the armature 42 in the sealed switch
24 from a position engaging the terminal 44 to one en-
gaging the terminal 46. The distributor 120 provides the
same number of circuit interruptions as the distributor
22 but, by using a pair of sealed magnetic switches 24
and 24’ and half the number of permanent magnets 66,
the rate of repetition at which the individual switches
24 and 24’ are operated is reduced by a factor of two.

The distributor 12¢ can be used in an ignition system
122 (FIG. 9) that is substantially identical to the ignition
system 20 except that the sealed switches 24 and 24’ are
connected in series between the potential source and one
terminal of the primary winding 30a of the ignition coil
30. A single network including the resistance element 102
and the capacitor 104 connected in shunt with the two
switches 24 and 24’ is adequate although similar networks
indidivual to each of these switches can be provided. The
armature 42 of the sealed switch 24 is connected to the
two magnetic contacts 44 and 46 in the sealed magnetic
switch 24’ rather than directly to the terminal of the
primary winding 30a. Since the sealed switches 24 and
24’ are connected in series, the primary winding 30a is
maintained in an energized state except when either of the
switches 24 and 24’ is being operated from a position ern-
gaging one of the contacts 44 or 46 to one engaging the
other of these contacts. In other words, the sealed mag-
netic switch 24 interrupts the flow of current through the
primary winding 30a to provide a sparking potential for
a given one of the spark plugs 36; and a second sealed
switch unit 24’ interrupts the flow of primary current to
provide a sparking potential for the next spark plug 36
in the firing order.

Although the ignition systen 20 and the distributor
constructions 22 and 120 using a bistable sealed magnetic
switch 24 form a preferred embodiment of the invention,
the ignition system 20 can also be used with a distributor
construction 120 (FIGS. 10 and 11) or 150 (FIGS. 12 and
13) in which the switch 24 is biased for a single-side-~
stable operation. In the single-side-stable state, only the
terminal 44 is connected to the potential source, and the
terminal or magnetic contact 46 does not form a part of
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the electrical circuit. When an operator assembly 132 in
the construction 136 or an operator assembly 152 in the
construction 150 is moved relative to the sealed mag-
netic switch 24, the armature 42 of the sealed switch is
momentarily moved out of engagement with the contact
44 to interrupt the flow of ¢urrent through the primary
winding 30a and is then restored into biased engagement
with this contact to initiate the flux build-up in the igni-
tion coil 30.

To bias the sealed switch 24 for single-side-stable oper-
ation in the distributor constructions 130 and 150, a bias-
ing magnet 134 or 154 is disposed adjacent or secured to
the magnetic terminal or contact 44 to apply a flux of a
given polarity thereto. In FIGS. 10-12 of the drawings,
the bias magnets 134 and 154 are so arranged that the
north pole of the biasing magnet is disposed adjacent the
magnetic terminal 44 to apply a similarly poled biasing
flux thereto. The bias magnets 134 and 154 can also be
mounted adjacent the terminals 44 and 46 in the manner
shown and described in detail in U.S. Patent No. 3,076,878
to provide single-side-stable operation. This bias normally
holds the armature 42 in contact with the magnetic con-
tact 44 to normally complete the energizing circuit for
the primary winding 30a of the ignition coil 30. The
switch 24 is mounted on the timing plate 52 in the dis-
tributor constructions 130 and 150 in the same manner
as in the distributor construction 22 and can be connected
to the vacuum unit 56 in the same manner as in the dis-
tributor construction 22. )

The operator assembly 132 in the distributor construc-
tion 130 includes a circular supporting plate or member
136 having a plurality of peripherally spaced and general-
ly peripherally extending recesses in which a plurality of
magnetic field generating means or permanent magnets
138 are disposed. A non-magnetic plate 140 for holding
the magnets 138 in position is secured to the member 136
by a plurality of fasteners 142. The plate 136 is coupled
to the shaft 62 through a centrifugally actuated assembly
identical to the assembly 80.

The polarity of the permanent magnets 138 is such
that a field of a polarity opposite to the bias applied to
the terminal 44 is moved adjacent the pin 46 as the opera-
tor assembly 132 is rotated in a counterclockwise direc-
tion. The field of the leading pole face of the permanent
magnet 138 overcomes the effect of the bias magnet 134
and moves the armature 42 out of engagement with the
magnetic terminal 44 and into engagement with the ter-
minal 46. This interrupts the primary current flowing
through the winding 30a of the ignition coil 30 and pro-
vides the spark potential. As the assembly 132 rotates
further in a clockwise direction, the trailing pole face of
the permanent magnet 138 is moved adjacent the terminal
44 and applies flux of a polarity similar to that applied
by the bias magnet 134 to this terminal. This moves the
armature 42 into engagement with the magnetic terminal
44 so that the energizing circuit for the primary winding
39a is again established. ‘

The construction of the operator assembly 132 is such
that & single permanent magnet 138 is provided for each
of the cylinders in the engine when only a single sealed
switch 24 is provided. However, it is possible to provide
a plurality of the sealed switches 24 connected in series,
as in the ignition circuit 122, in combination with an oper-
ator assembly 132 having half the number of the perma-
nent magnets 138 shown in FIG. 10 to provide means for
reducing the repetition rate at which each of the individual
sealed switches 24 is operated. If two sealed switches 24
are. used, they are spaced apart relative to the path of ro-
tation of the operator assembly 132 in the manner set
forth above in the description of the distributor 120
shown in FIG. 8 of the drawings.

The distributor construction 150 operates in substan-
tially the same manner as the distributor 130 and is the
same in construction except for a modification in the: mag-
netic circuit provided in the operator assembly 152; The
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assembly 152 includes 2 supporting member or carrier
156 having radially extending openings or recesses for
receiving successive pairs of oppositely poled magnets 158
and 169. These magnets are secured in position on the
member 156 by a top plate 162 of non-magnetic material
which is secured to the member 156 with the magnets
158 and 169 interposed therebetween by a plurality of
machine screws 164.

The polarity of the field presented at the outer edge of
the circular member or carrier 156 by the pole face of
the magnet 160 is the same as that presented by the lead-
ing pole face of the magnet 138 in the operator assembly
132, and the polarity of the field presented by the outer
pole face of each magnet 158 is the same as that pro-
vided by the trailing pole face of each of the magnets
138 in the assembly 132. Thus, as each pair of magnets
158 and 160 is moved past the sealed switch 24, the arma-
ture therein is moved out of engagement with the mag-
netic terminal 44 to interrupt the primary energizing cir-
cuit and is then moved back into engagement with this ter-
minal to complete the energizing circuit. This provides
the momentary primary circuit interruption to permit the
decay of the flux field in the ignition coil 30 and the pro-
duction of the ignition potential. As in the case of the dis-
tributor 30, the number of pairs of magnets 158 and 169
used in the assembly 152 can be reduced by a factor of
two by providing two sealed magnetic switches 24 with
the terminals 44 and the armatures 42 connected in series
between the potential source and the coil 302 and with
the switches spaced apart an odd multiple of half of the
distance between successive pairs of magnets on the sup-
porting plate 156.

Both of the distributor constructions 136 and 150 can
be operated in either clockwise or counterclockwise direc-
tion after making suitable revisions in the centrifugally
actuated assembly 80 and in the interconnection between
the vacuum unit 56 and the timing plate 52. If the oper-
ator assemblies 132 and 152 are rotated in a clockwise
direction, it is also desirable to mount the bias magnets
134 and 154 to apply an oppositely poled bias to the ter-
minals 46 rather than the magnetic terminals 44. This is
desirable because it results in a positive actuation of the
armature 42 away from the normally engaged contact
rather than wsing a flux opposing relation between the
operator magnets and the biasing magnets to obtain switch
actuation. It is possible, however, to obtain switch actua-
tion of a less positive nature with the magnetic switches
24 biased for single-side-stable operation by applying a
magnetic bias to the leading terminals 44 or 46 of the
sealed switches 24 in both of the constructions 130 and
159 rather than to the trailing terminal as illustrated in
the drawings. Further, the polarities of the bias and oper-
ating fields can be reversed. In addition, although the
sealed switches 24 are described as directly controlling
the primary of an ignition coil, these switches can also be
used to centrol amplifying means, such as solid state de-
vices, for providing the sparking potential.

When the ignition system 20 and the distributor con-
struction 22 are to be manufactured, the distributor con-
struction is assembled in substantially the manner illus-
trated in FIG. 1 and placed in a test fixture including
manually actunated or controllable means for rotating the
shaft 62. A field structure including an energizing winding
capable of being connected to a direct current voltage
source of either polarity and an alternating current poten-
tion source is disposed adjacent the path of rotation of the
cperator assembly 28 in a position to apply an electro-
magnetic field to the permanent magnets 66. The field
structure preferably is spaced somewhat from the sealed
magnetic switch 24. The magnetic contacts 44 and 46 and
the armature terminal 40 of the sealed magnetic switch
24 are connected to an indicating means, such as an os-
cilloscope or other means, capable of providing an output
signal or visual display of the open circnit or closed cir-
cuit condition of the switch 24.
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The operator assembly 28 is then rotated to a position
disposed adjacent the field structure, and the winding
thereon is connected to a direct current potential of one
polarity that is of sufficient value to saturate the magnetic
material of the adjacent permanent magnet 66 with a field
of a given polarity. The operator assembly 28 is then ro-
tated to place the next permanent magnet 66 adjacent the
field structure, and the polarity of the direct current po-
tential is reversed to saturate this magnet with a field of
an opposed polarity. This operation is continued until all
of the permanent magnets 66 on the operator assembly
28 have been saturated with fields of alternate and oppo-
site polarities.

The winding on the field structure is then connected
to an alternating current potential source of a given value
so that the field produced in the field structure by the
alternating current energization of the operating wind-
ing is capable of reducing the oppositely poled fields of
the permanent magnets 66 to a given level. The operator
assembly 28 is then rotated or indexed past the field struc-
ture to reduce or “knock down” the saturated magnets 66
to a field strength value equal to or slightly greater than
the desired operating value. A given one of the perma-
nent magnets is then moved in correct direction toward
the sealed magnetic switch 24, and the indicating means is
observed to determine the point in the path of rotation
of the operator assembly 28 at which the magnetic switch
24 is actuated. If the switch is operated prior to the de-
sired point, the operator assembly 28 is indexed to move
the related permanent magnet 66 into proximity to the
field structure, and the level of the alternating current
energization of the field structure is adjusted to reduce
the field strength of the permanent magnet.

The permanent magnet is again moved in the proper
direction toward the sealed magnetic switch 24, and the
time of operation is observed. This alternate checking and
adjusting of the magnet 66 is continued until the sealed
magnetic switch 24 is operated in the desired or correct
point in the path of relative movement between the sealed
magnetic switch 24 and the operator assembly 28. This
operation is continued in sequence until such time as all
of the permanent magnets have been adjusted to values
which cause operation of the sealed magnetic switch 24
at the desired positions. By the use of this method in
which the strengths of the individual permanent magnets
66 are adjusted to cause operation of the switch 24 at
the desired positions in the path of relative movement be-
tween the switch and the operator assembly 28, it is not
necessary to precisely position the permanent magnets
on the plate 60 or to provide sealed magnetic switches 24
of absolutely uniform operating characteristics.

When the individual strengths of the permanent mag-
nets 66 have been adjusted so that the switch 24 is oper-
ated at equally spaced positions in the path of relative
movement between the switch and the operator assem-
bly 28, the distributor construction 22 is removed from
the test fixture, and the next distributor construction to
be adjusted and tested is placed in the fixture. It is de-
sirable to test the distributor construction 22 with as
many of the magnetically susceptible components of its
construction in place as possible so as to prevent any al-
teration in the magnetic circuits for the magnets 66 and
the switch 24 that might affect the adjusted operating
characteristics.

As described above, the magnetic armature 42 of the
sealed magnetic switch 24 is operated to engage alternate
ones of the magnetic contacts 44 and 46 by the applica-
tion of operating and bias fluxes in aiding or opposing
relationship to the leading magnetic contact 44 or 46
considered relative to the direction of rotation of the
operator assembly 28. In other words, with the opera-
tor assembly 28 rotating in a counterclockwise direction,
the flux of the magnet 66b is applied in an additive rela-
tionship in the leading magnetic contact 46 to cause en-
gagement of this contact by the armature 42, and the
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flux of the alternate magnet 66a is applied in opposing
relationship to the leading magnetic contact 46 to cause
the armature 42 to engage the magnetic contact 44. When
the operator assembly 28 is rotated in a clockwise direc-
tion or opposite direction with the same polarity of bias
applied by the magnet 28, an opposite operation occurs,
i.e., the operating and biasing fluxes are applied in an
additive relationship. in the terminal 44 to transfer the
armature 42 to engagement with the contact 44 and in an
opposing relationship to cause a transfer of the armature
42 to the magnetic contact 46. With this selective use of
additive and bucking flux relationships in the leading ter-
minal or magnetic contact of the switch 24, there is the
tendency described above for the switch 24 to operate
when the fields are in an additive relation with the operat-
ing magnet 66 spaced a greater distance from the switch
24 than when the flux from an operating magnet 66 is
applied in an opposed or bucking relationship. This would
result in the operation of the magnetic switch 24 at un-
equally spaced points in the path of relative movement
between the operator assembly 28 and the sealed mag-
netic switch 24.

In carrying out the method described above for mak-
ing, testing, and adjusting the distributor construction 22,
this tendency to operate the sealed magnetic switch 24 at
different and unequally spaced positions in the path of
relative movement between the switch and the operator
assembly 28 is corrected or compensated by altering the
fields of the permanent mangets 66 and, more specifical-
ly, by reducing the strength of those permanent magnets
66 whose flux is applied to the leading magnetic termi-
nal or contact 44 or 46 in an aiding relationship. This
results in adjacent permanent magnets 66 having sub-'
stantially different field strengths. With magnets 66 of
different field strengths disposed in proximity on the sup-
porting member 6@, there is a pronounced tendency for
an adjustment in the strength of the field of a given mag-
net 66 to affect the effective field strengths of adjacent
magnets, and it has been determined that it is frequent-
1y necessary following the adjustment of the field strength
of a given one of the magnets 66 to make corrective ad-
justments in the remaining magnets. This means that the
strengths of all of the magnets 66 may require repeated
adjustment before the sealed magnetic switch 24 is oper-
ated at the desired uniformly spaced positions in the path
of relative movement between the switch 24 and the oper-
ator assembly 28. This is not only time consuming but
also tends to result in operator assemblies 28 of non-uni-
form characteristics so that, for instance, it is not pos-
sible to replace a given operator assembly 28 in an engine
with another preadjusted assembly without, to a degree,
matching the characteristics of the opertaor assembly 28
to the switch 24.

A method of making and testing distributor construc-
tions 22 that obviates the difficulties of the method referred
to above is described below with reference to the testing
apparatus 179 shown in FIGS. 14 and 15 of the drawings.
In the practice of this method, the oppositely poled fields
of the permanent magnets 66 are of substantially uniform
strength, and the effect on the timing of the operation of
the magnetic switch 24 resulting from the selective addi-
tion or opposition of the biasing and operating fluxes.in
the leading magnetic contact 44 or 46 is compensated for
by the use of the bias magnet 26 to apply different biases
to the terminals 44 and 46 in dependence on the switch
operating characteristics and the direction of rotation of
the operator assembly 28 with which the switch 24 is to
be used. The practice of this method results in standardized
components and a substantial reduction in the time required
to manufacture distributor assemblies 22.

A completed operator assembly 28 is inserted in a test
fixture so that the distributor shaft 62 is coupled to a
drive means 172. The operator assembly 28 preferably is
coupled with the centrifugally actuated assembly 88 or any
other assemblies including components that might affect
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the magnetic fields or paths of the magnets 66 so that these
would not be altered following adjustment by the addition
of a magnetically susceptible component. The drive means
172 is conmtrollable to rotate the operator assembly 28
over the range of speeds encountered in operation of the
distributor assembly Z2.

The test apparatus 178 also includes an indicating or
detecting means 174 including a visual display means in-
dicated generally as 176. The indicating means 174 in-
cludes an input coupled to the drive means 172 over
which synchronizing signals are received. Another input to
the indicating means 174 is coupled to an unpolarized
magnetic field detecting means, such as a conventional
magnetic reed switch 178 including a pair of normally
separated magnetic reeds 178z and 178b that are moved
into engagement to complete a conductive circuit through
the switch 178 in response to the application of a magnetic
field of either polarity of at least a given strength. The
magnetic detecting means or reed switch 178 is disposed
closely adjacent the path of rotation of the operator as-
sembly 28. The drive means 172 and the indicating or
detecting means 174 can, for instance, comprise a unit of
equipment manufactured by Sun Electric Co., Chicago,
Ill. and identified as Distributor Tester, Model 500.

The test apparatus 170 also includes a field structure
180 disposed adjacent the path of rotation of the operator
assembly 28 with its pole faces generally aligned with the
axial length of the magnets 66. A winding 182 on the
structure 189 is connected to a selector switch 184 through
a reversing switch 186. The selector switch 184 is operable
to alternate states to select either a direct current poten-
tial source 188 whose output is adjusted by a potentiom-
eter 19@ or an alternating current potential source 192
whose output is adjusted by a tapped or variable trans-

Vformer 194.

When the operator assembly 28 to be adjusted or tested
is placed in the fixture, the selector switch 184 is actuated
to connect the potentiometer 198 to the reversing switch
186 which is in an open condition. The operator assembly
82 is then rotated to a position in which one of the perma-
nent magnets 66 is disposed immediately above the pole
faces of the field structure 180. The reversing switch 186
i3 then closed in one direction to energize the winding 182
with direct current potential of a given polarity so that the
adjacent permanent magnet 66 is driven to saturation with
a magnetic field of a first polar alignment. The reversing
switch 186 is then opened, and the operator assembly is
indexed to place the next adjacent magnet 66 above the
pole pieces of the field structure. The reversing switch 186
is then closed to its alternate condition so that the winding
182 is emergized with a voltage of an opposite polarity
to saturate the adjacent permanent magnet 66 with a field
of an opposite polar alignment. The reversing switch 186
is then opened and the operator assembly is indexed to
positions in which the remaining ones of the permanent
magnets are disposed above the field structure £80. By
selectively actuating the reversing switch 186, all of the
permanent magnefs are saturated to provide magnetic
fields of alternate and opposite polarities.

Following completion of these operations, the reversing
switch 186 is opened, and the selector switch 184 is actu-
ated to connect the reversing switch to the alternating cur-
rent potential source 192. The adjustable transformer 194
is then set to provide an alternating current potential of a
strength sufficient to reduce the permanent magnet 66
below saturation and to a value substantially the same but
somewhat higher than that desired in the completed opera-
tor assembly 28. The switch 186 is then closed to either
of its positions so that the winding 182 is energized to
produce an-alternating field in the field structure 189. The
operator assembly 28 is indexed or rotated past the field
structure 189 so that all of the magnets 66 are “knocked
down” from their saturated condition to the field strength




3,359,455

21
desired in the distributor assembly 22. The switch 186
is then opened.

The magnetic detecting or sensing means provided by
the reed switch 178 is then used in conjunction with the
indicating means 174 to detect the fields of the magnets
66. To accomplish this, the drive means 172 is energized
so that the shaft 62 and the connected operator assembly
28 are rotated at a desired speed. During rotation, the
drive means 172 provides a synchronizing signal to the
indicator 174 to synchronize its operation with the rota-
tion of the operator assembly 28, This rotation can be in
either direction. During rotation of the operator assembly
28, the movement of the successive permanent magnets
68 past the reed switch 178 causes a momentary engage-
ment of the reeds 1784 and 178b so that an output signal
is applied to the indicating means 174. The synchronizing
or scanning signal applied to the indicating means 174
from the drive means 172 produces a visible display on
the means 176, such as the face of a cathode ray oscillo-
scope, of the time interval at which the magnetic reed
switch 178 is operated by each of the permanent magnets
66. If one or more of the output signals from the reed
switch 178 do not occur at regularly spaced or the ex-
pected time intervals or positions in the path of relative
movement between the operator assembly 28 and the
swiich 178, the deviation of the time of operation from
the desired position is noted.

The drive means 172 is then stopped and the magnet
66 causing the advanced or retarded operation of the
detecting means 178 is disposed above the field structure
18¢. By adjusting the magnitude of the alternating current
potential supplied by the adjustable transformer 194, the
winding 182 is energized by the closure of the switch 186
to apply an alternating current field to the adjacent
permanent magnet 66 to reduce its strength to the point
at which this magnet causes the operation of the magnetic
detecting means 178 at the desired position in the path
of rotation of the operator assembly 28. If one of the
permanent magnets 66 has been reduced too far below
saturation, this magnet can again be returned io its
saturated state by using the selector switch 184 and the
reversing switch to connect the direct current potential
source 188 to the winding 182 of the field structure 189.
This saturated magnet is then reduced by the use of the
alternating current potential source 192 to energize the
winding 182 of the field structure 189 so that this magnet
66 produces operation of the magnetic detecting means
178 at the desired position in the path of movement of
the operator assembly 28.

This operation is continued until the magnetic detector
178 is operated at regularly spaced intervals during rota-
tion of the operator assembly 28 by the drive means 172.
If desired, the operation of the detecting means 178 can
be checked at several speeds in the engine operation range
by changing the speed of the drive unit 172. Although the
method described above includes the steps of selectively
altering the strengths of the magnets 66 to insure operation
of the switch 178 at regularly spaced intervals in the path
of relative movement between the operator assembly 28
and the detecting means 178, the fields of the magnets 66
will be substantially the same. Further, because the mag-
ret size and spacing from the detector 178 are well con-
trolied, only one or two magnets ordinarily require ad-
justment, This means that the operator assembly 28
produced by this method can be used in distributor con-
structions 22 in which the operator assembly 28 is to be
rotated in either a clockwise or a counterclockwise di-
rection.

If the apparatus 17¢ is used only for producing and
adjusting operator assemblies 28, the adjusted and com-
pleted operator assembly 28 is removed from the test
fixture, and another similar assembly is inserted and ad-
justed in the manner described above using the unbiased
magnetic detecting means 178. This method would be
used for producing operator assemblies that are to be
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assembled with the completed distributor construction
22 at a different station or for producing operator as-
semblies 28 used as replacement parts. However, if the
apparatus 170 is to be used for producing completed dis-
tributors, the magnetic detecting assembly or reed switch
178 is disconnected from the indicating means 174 and
removed. The magnetic switch 24 (FIG. 15) is placed
in the non-magnetic sleeve 48 of the distributor construc-
tion 22 to be disposed immediately adjacent the path of
rotation of the adjusted operator assembly 28. However,
the switch 24 is not provided with a bias magnet 26.

The sealed magnetic switch 24 (FIG. 15) is connected
to the input terminals of the indicating means 174 with
the terminals 44 and 46 connected together and to one
input terminal and with the armature 42 connected to
the other input terminal of the indicating means 174. The
circuit for energizing the field structure 18¢ can remain
the same as that shown in FIG. 14 or can comprise nothing
more than the simplified circuitry illustrated in FIG. 15
comprising the alternating current potential source 192,
the adjustable transformer 194, the field structure 180,
the operating winding 182, and a manually operable
switch 196 for selectively energizing the winding 182.

The motor 172 is then placed in operation, and the
bias magnet 26 is coated with an adhesive material, such
as epoxy cement, and moved into juxtaposition to the
magnetic terminals 44 and 46. The magnetic switch 24 is
now provided with some bias by the magnet 26, and the
operator assembly 28 is rotated in the direction in which
it is to be rotated when the distributor construction 22
is installed. The operator views the visual display means
176 in the indicating means 174 and determines the posi-
tions at which the switch 24 is operated by the magnets
66 on the rotating operator assembly 28. The operator
moves the basing magnet 26 relative to the pins 44 and
46 until such time as the times or positions at which the
switch 24 is operated are correct. At this time, the
permanent magnet 26 is allowed to remain in position
until the cement dries or, alternatively, the magnet 26
is rigidly secured in position by soldering it to one or
both of the magnetic pins 44 and 46,

The effect of adjusting the position of the biasing mag-
net 2§ relative to the terminals 44 and 46 during the ro-
tation of the operator assembly 28 is to vary the degree
of magnetic bias applied to the two magnetic terminals
44 and 46. More specifically, the adjustment of the mag-
net 26 reduces the level of bias, of either polarity, applied
to the leading magnetic contact or terminal 44 and in-
creases the magnetic bias applied to the trailing magnetic
confact or terminal 46. By reducing the magnetic bias
applied to the leading terminal, the permanent magnet 66
providing a field in a flux aiding relationship with the bias.
ing field to the leading magnetic terminal 44 or 4§ must
be positioned closer to the switch 24 before the switch
will operate. Similarly, the permanent magnet providing
a flux bucking the bias flux in the leading terminal need
not be positioned as closely to the switch 24 because the
bias flux to be overcome before the switch operation is
less. In this manner, the permanent magnets 65 can pro-
vide fields of substantially equal strength, and the bias
magnet 26 can be shifted relative to the terminals 44 and
46 during the assembly of the distributor 22 to adjust the
periods at which the switch 24 is operated to those re-
quired by the engine cycle. This is true regardless of the
direction of rotation of the operator assembly 28 and the
direction of polarization of the bias magnet 26,

In the event that the adjustment of the permanent mag-
net 26 does not bring the points in the path of relative
movement between the switch 24 and the operator as-
sembly 28 at which the switch 24 is operated to those de-
sired, rotation of the drive means 72 can be stopped after
determining the permanent magnet responsible for the
improperly positioned operation. This magnet can then
be indexed over the field structure 180, and the field re-
duced by the closure of the contact 196 in conjunction
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with the adjustment of the transformer 194 to obtain the
desired energizing signal for the winding 182. If neces-
sary, this magnet can be saturated by use of the direct
current potential source 188 followed by selective reduc-
tion of the field by the use of the alternating current po-
tential source 192.

The distributor construction 120 (FIG. 8) using the ig-
nition system 122 can be manufactured and adjusted in
the same manmer as the distributor comstruction 22 by
using the test apparatus 176 shown in FIG. 14 of the draw-
ings to adjust all of the permanent magnets 66 to sub-
stantially equal field strengths. When the two unbiased
switches 24 and 24’ are placed in the two sleeves 48 pro-
vided in the distributor construction 22, the two sealed
switches 24 and 24’ are connected in series with the input
to the indicating means 174, and the bias magnets 26 are
individually adjusted on the two switches 24 and 24’ until
the correct positioning of the switch actuation within the
engine cycle is obtained.

The testing apparatus 17¢ shown in FIG. 15 of the
drawings can be used in manufacturing and adjusting dis-
tributor constructions 22 in which the operator assembly
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28 is rotated in either a clockwise or a counterclockwise

direction. With the operator assembly 28 rotating in a
counterclockwise direction, the adjustment of the bias
magnet 26 will be such that a smaller bias of either polar-
ity is applied to the magnetic terminal or contact 46,
which is the leading contact considered relative to the
counterclockwise rotation of the operator assembly 28.
Similarly, if the operator assembly 28 is rotated in a clock-
wise direction, the positioning of the bias magnet 26 is
such that a lesser bias of either polarity is applied to the
magnetic contact or terminal 44, which is the leading con-
tact considered relative to the clockwise rotation of the
operator assembly 28.

The testing assembly 170 can also be used to manufac-
ture bistable of magnetically biased switch units 24 to be
used as replacement parts. This is possible because the
operator assemblies 28 are adjusted to a standard condi-
tion by using the apparatus 170 shown in FIG. 14, One
of the adjusted operator assemblies 28 is coupled to the
drive means 172 shown in FIG. 15, and successive switch-
es 24 are mounted adjacert the path of rotation and cou-
pled to the indicating means 174 to permit the bias mag-
net to be adjusted to a position in which the switch is op-
erated at proper timed intervals within the cycle of ro-
tation of the operator assembly 28. If desired, the sealed
switch 24 with the connected bias magnet 26 in proper
position can then be “potted” or otherwise placed in a
protective housing to permit their direct insertion into
distributor constructions in the field. These switches are
provided with suitable indicia or identification plates indi-
cating their adjustment for use with either clockwise or
counterclockwise rotating distributor assemblies.

The apparatus 170 shown in FIG. 14 of the drawings
can be used for adjusting and testing distributor assem-

blies 22 manufactured in accordance with the first method .

described above in which the permanent magnets 66 of
opposite polarities are provided with fields of different
values rather than a substantially uniform value. In car-
rying out this method, the unpolarized magnetic reed
switch 178 is replaced by a sealed magnetic switch 24 to
which the bias magnet 26 has previously been secured in
a position supplying balanced biases. The field structure
180 is then selectively energized in the manner described
above by the direct current potential source 188 and the
alternating current potential source 192 to adjust the fields
of the individual magnets 66 to the values at which the
biased magnetic switch 24 is operated at the correct times
in the engine cycle.

The distributor constructions 130 and 150 (FIGS. 10—
.13) using single-side-stable sealed magnetic switches 24
can also be manufactured, tested, and adjusted by using
the test apparatus 170 shown in FIG. 14, although the
physical position of the field stiucture 18¢ should be
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rotated 90° so that it is aligned with the peripherally
extending magnets 138 used in the distributor construc-
tion 130. The sealed switch 24 to which the bias magnet
134 has been attached is connected to the indicating
means 174 in place of the reed switch 178, and the
magnets 138 or 158 and 160 are then saturated to pro-
vide fields of the magnetic alignment described above.
These fields are then selectively reduced to values cor-
responding to those required to operate the sealed switch
at the desired points in the engine cycle.

Although the present invention has been described with
reference to a number of illustrative embodiments there-
of, it should be understood that numerous other modi-
fications and embodiments can be devised by those skilled
in the art that will fall within the spirit and scope of the
principles of this invention.

What is claimed and desired to be secured by Letters
Patent of the United States is:

1. An automotive ignition system for use with a plural-
ity of spark generating means comprising a rotatable
distributor shaft, first permanent magnet means movable
in synchronism with the distributor shaft, a glass en-
closed magnetic switch having a movable magnetic arma-
ture and a pair of spaced contacts, said magnetic switch
being positioned adjacent the path of movement of the
first permanent magnet means so that the field of the
first permanent magnet means moves the armature be-
tween the pairs of spaced contacts, second permanent
magnet means applying a bias to the magnetic switch to
condition the magnetic switch for bistable operation in
which the armature is releasably retained in engagement
with the contacts, inductive means coupled to the spark
generating means for energizing the spark generating
means, a potential source, and circuit means including
the armature and the two contacts connecting the induc-
tive means to the potential source for controlling the
energization of the inductive means by the potential
source, the inductive means being energized by the cir-
cuit means through the armature and the contact engaged
by the armature and the energization of the inductive
means being interrupted in the period in which the
armature moves between the contacts.

2. An automotive ignition system for use in an engine
having spark generating means comprising permanent
magnet means providing oppositely poled magnetic fields
and movable along a repetitive path in synchronism with
the operation of the engine, sealed magnetic switch means
having a movable armature and two mercury-wetted con-
tacts alternately closed and opened by movement of the
armature in response to oppositely poled magnetic fields,
means mounting the sealed switch means adjacent the
path to be operated by oppositely poled fields of the per-
manent magnet means, said permanent magnet means
operating the armature to provide a fixed time interval
between the opening of each contact and the closure of
the other contact, inductive means including a pair of
coils, a potential source having two oppositely poled
terminals, said pair of coils having a common point con-
nected to one of the terminals of the potential source,
means for coupling the spark generating means to said
one terminal and one of the coils, and circuit means
connecting the two contacts of the sealed magnetic switch
means in parallel and connecting the armature and paral-
lel contacts in series with the other coil and the other

terminal of the potential source so as to comnect the

other terminal of the potential source to the other coil
and to interrupt this connection during the fixed time
interval.

3. An ignition system for use with a plurality of spark
generating means in an engine comprising first magnetic
means movable through a repetitive path in synchronism
with the operation of the engine, a magnetic switch means
including a pair of spaced contacts alternately engaged
by a magnetic armature, second magnetic means for
biasing the magnetic switch -for -bistable operation in
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which the armature is releasably retained in engagement
with alternate ones of the contacts, means mounting
the magnetic switch adjacent the repetitive path 'of move-
ment to be operated by the first magnetic means so that
the armature alternately engages the spaced contacts, the
fields of the first magnetic means operating the armature
for the magnetic switch means to provide a constant time
period for transfer between the spaced contacts, induc-
tive means coupled to the spark generating means for
energizing the spark generating means, a potential source,
and circuit means connecting the potential source to the
inductive means through the armature and alternately
engaged contacts of the magnetic switch for periodically
energizing the inductive means, the energization of the
inductive means being interrupted during the constant
time period.

4. The ignition system set forth in claim 3 in which
the first magnetic means includes a number of pole
structures equal to the number of spark generating means.

3. The ignition system set forth in claim 3 in which
the magnetic switch means includes a sealed glass hous-
ing containing a quantity of mercury for wetting the
contacts between the magnetic armature and the spaced
contacts.

6. An electrical ignition system for an engine having a
spark generating means comprising a potential source, in-
ductive means having a pair of windings with a common
terminal connected to one terminal of the potential source,
means for coupling the other terminal of one of the wind-
ings to the spark generating means, capacitive means,
means connecting the capacitive means in series between
the other terminal of the other winding and the other ter-
minal of the potential source, magnetic switch means con-
nected in parallel with the capacitive means, said magnetic
switch means comprising a sealed glass housing having a
mercury-wetted magnetic armature alternately movable
into and out of engagement with a pair of spaced mercury
wetted contact members fixedly carried on the housing
and having the characteristic of separating the armature
from the contacts at a constant acceleration when the
magnetic conditions required for operation have been
established, and permanent magnet means repetitively
movable over a given path passing in proximity to the
magnetic switch in synchronism with the operation of
the engine and at varying speeds in dependence on the
speed of operation of the engine, said permanent magnet
means operating the magnetic switch to alternately open
and close a conductive path through the armature and
alternate ones of the contact members of the switch
means between the other terminal of the potential source
and the other terminal of the other winding, the separa-
tion of the armature from the contact member to open
the conductive path occurring at a constant acceleration
independent of the speed of movement of the permanent
magnet means, said permanent magnet means operating
the magnetic switch means to provide a substantially con-
stant transfer time in which the armature is moved be-
tween stable positions engaging alternate ones of the con-
tact members.

7. An electrical ignition system for use in an engine op-
erable at different speeds M and having a given number X
of spark generating means comprising a supporting struc-
ture, carrier means, means mounting the carrier means and
the supporting structure for cyclic movement relative to
each other along a given path, drive means connected be-
tween the supporting structure and the carrier means for
producing cyclic relative movement betwen the carrier
means and the supporting structure at a speed N syn-
chronized with the speed M of the engine, magnetic means
on the carrier means providing a number Y of spaced
magnetic fields of alternate opposite polarities, a number Z
of magnetically operated and polarity sensitive bistable
switches mounted on the supporting structure disposed
adjacent the carrier means in a position to be operated by
the magnetic fields of the magnetic means, a potential
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source, an ignition pulse generating means connected to
the spark generating means, and means including the
magnetically operated switches connected between the
potential source and the ignition pulse generating means
for periodically energizing the spark generating means,
the product of the number Y of magnetic fields, the ratio
N/M, and the number Z of magnetically operated switches
being equal to the number X of spark generating means
the speeds N and M being measured in the same units of
increments of movement per unit of time.

8. The ignition system set forth in claim 7 in which the
number Z of magnetically operated switches is two and
in which the two magnetically operated switches are sep-
arated on the supporting means along the given path a
distance that is an odd number multiple of one half of the
distance along the given path that separates adjacent
magnetic fields on the carrier means.

9. An electrical ignition system for use in an engine
having a given number of spark generating means com-
prising a supporting structure, carrier means, means
mounting the carrier means and the supporting structure
for cyclic movement relative to each other along a given
path, drive means connected between the supporting
structure and the carrier means for producing cyclic rela-
tive movement between the carrier means and the sup-
porting structure at a speed synchronized with the speed
of the engine, magnetic means on the carrier means pro-
viding a number of spaced magnetic fields of alternate
opposite polarities, two magnetically operated and polarity
sensitive bistable switches mounted on the supporting
structure disposed adajcent the carrier means in a position
to be operated by the magnetic fields of the magnetic
means, the two switches being separated by a distance
along the given path that is an odd number multiple of
one half of the distance along the given path between
adjacent fields on the carrier means, the product of the
number of magnetic fields and the number of magnetically
operated switches being equal to the number of spark
generating means, a potential source, inductive means
coupled to the spark generating means for energizing the
spark generating means, and circuit means connecting the
two switches in series with the inductive means and the
potential source.

10. An electrical ignition system for use with an engine
having spark generating means comprising a sealed mag-
netic switch having eleterically conductive elements op-
erable between open and closed circuit conditions by the
application of a given magnetic field, magnetic field pro-
ducing means, means for repetitively moving the sealed
magnetic switch and the magnetic field producing means
relative to each other along a given path at different speeds
corresponding to different operating speeds of the engine,
the field from the magnetic field producing means being
applied to the sealed magnetic switch to operate the
switch a fixed delay interval following the application of
said given fleld, a potential source, an ignition pulse gen-
erating means connected to the spark generating means,
circuit means connecting the potential source to the igni-
tion pulse generating means through the sealed magnetic
switch to apply a sparking potential to the spark generat-
ing means in response to operation of the sealed magnetic
switch, and compensating means connected between the
magnetic field producing means and the sealed magnetic
switch for compensating for the delay in the application of
the sparking potential to the spark generating means
caused by the fixed delay interval of the switch by adjust-
ing the relative positions of the sealed magnetic switch
and the magnetic field producing means in the path of
relative movement said compensating means including
means responsive to the speed of relative movement be.-
tween the sealed magnetic switch and the magnetic field
producing means for automatically adjusting the relative
positions of the sealed magnetic switch and the magnetic
field producing means along the given path.

11. An electrical ignition system for use with an engine
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having spark generating means comprising a sealed mag-
netic switch having electrically conductive elements oper-
able between open and closed circuit conditions by the
application of a given magnetic field, magnetic field pro-
ducing means, means for repetitively moving the sealed
magnetic switch and the magnetic field producing means
relative to each other alomg a given path at different
speeds corresponding to different operating speeds of the
engine, the field from the magnetic field producing means
being applied to the sealed magnetic switch to operate
the switch a fixed delay interval following the application
of said given field, a potential source, an ignition pulse
generating means connected to the spark generating means,
circuit means connecting the potential source to the igni-
tion pulse generating means through the sealed magnetic
switch to apply a sparking potential to the spark generat-
ing means in response to operation of the sealed magnetic
switch, and means responsive to the speed of relative
movement between the sealed magnetic switch and the
magnetic field producing means and connected between
the magnetic field producing means and the sealed magnet-
ic switch for adjusting the positions of the sealed magnet-
ic switch and the magnetic field producing means toward
and away from each other along the path of relative move-
ment in a relationship that is a function of the amount of
relative movement occurring between the sealed magnetic
switch and the magnetic field producing means during the
fixed delay interval.

12. An electrical ignition system for an engine having
spark generating means comprising a supporting member,
magnetic field generating means on the supporting mem-
ber, a sealed magnetic switch including a magnetic arma-
ture movable into and out of engagement with a magnetic
terminal, means for moving the sealed switch and the sup-
porting member relative to each other in a synchronized
relation with the speed of operation of the engine so that
the magnetic field of the magnetic field generating means
controls repeated movement of the armature into and
out of engagement with the magnetic terminal, a potential
source, inductive means coupled to the spark generating
means for applying a sparking potential to the spark
generating means, means connecting the sealed magnetic
switch in series with the potential source and the inductive
means for controlling the energization of the spark gen-
erating means, and a network connected in parallel with
the sealed magnetic switch including a capacitor and a
resistance element consisting of ‘a2 material having a
resistivity of 2.8 X 108 ohm-m. or less and having a value
on the order of .05 ohm.

13. In a distributor construction for use in an engine,
a sealed magnetic switch having an armature alternately
operable into engagement with two spaced magnetic ter-
minals, magnetic means providing a plurality of magnetic
fields, means for moving the magnetic means and
the sealed magnetic switch relative to each other along a
given path and in synchronism with operation of the
engine, and means for applying different degrees of mag-
netic bias to the two magnetic terminals to bias the leading
terminal considered with respect to the direction of rela-
tive movement less than the other terminal, the leading
terminal being the terminal first subjected to a given one
of the magnetic fields during the relative movement be-
tween the magnetic means and the sealed magnetic switch

- along the given path and the other terminal being the ter-
minal subjected to the given magnetic field at a time sub-
sequent to the time at which the given field was applied
to the leading terminal. ’

14. In a distributor construction for an engine, a shaft
rotated in synchronism with operation of the engine, a
plurality of spaced permanent magnets driven through a
path of rotation by the shaft, a bistable magnetic switch
disposed adjacent the path of rotation and operated by
the fields of the permanent magnets, said bistable switch
having two magnetic terminals disposed adjacent the path
of rotation and sequentially subjected to the fields of the
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permanent magnets, and biasing means for applying a
magnetic bias to the two terminals, the bias applied to
the leading terminal considered relative to the direction
of rotation of the permanent magnets being less than the
bias applied to the trailing terminal of the switch, the
leading terminal being the terminal first subjected to the
field of a given one of the permanent magnets during the
rotation of the magnets past the bistable magnetic switch
and the trailing terminal being the terminal subjected to
the field of the given one of the permanent magnets at a
time that is subsequent to the time at which the field of
the given one of the permanent magnets was applied to
the leading terminal.

15. In a distributor construction for use with an engine,
a plurality of permanent magnets provided with alternate
opposite polarities, a sealed magnetic switch having a
pair of spaced magnetic terminals aiternately engaged by
an armature, distributor shaft for producing rotary move-
ment between the sealed magnetic switch and the perma-
nent magnets so that the armature is operated to alter-
nately engage the two magnetic terminals by the opposite-
ly poled fields of the permanent magnets, and means for
applying magnetic biases of opposite polarities to the two
magnetic terminals, the bias applied to the leading termi-
nal considered with respect to the direction of relative
movement between the sealed magnetic switch and the
permanent magnets being less than the bias applied to the
other magnetic terminal, the leading terminal being the
terminal first subjected to the field of a given one of the
permanent magnets during the relative movement be-
tween the magnetic switch and the permanent magnets
and the other magnetic terminal being the terminal sub-
jected to the field of the given permanent magnet sub-
sequent to the time at'which the field of the given per-
manent magnet was applied to the leading terminal.

16. The automotive distributor set forth in claim 13
including centrifugally operated means driven by the en-
gine, and means controlied by and coupled to the cen-
trifugally operated means for varying the relative posi-
tions of the carrier magnetic means and the sealed mag-
netic switch to vary the effects of the magnetic fields on
the magnetic switch means.

17. An electrical ignition system for use with an en-
gine operable over a given range of speeds and having
spark generating means comprising an inductive means
for supplying a sparking potential, distributor means con-
nected to the inductive means for applying the spark-
ing potential to the spark generating means in synchronism
with the operation of the engine, a direct current po-
tential source, a sealed magnetic switch operable to two
alternate conducting states and providing a transfer pe-
riod between the alternate conducting states in which the
sealed magnetic switch does not provide a conductive path,
means connecting the sealed magnetic switch to the induc-
tive means and the direct current potential source to
provide a flow of current through the inductive means for
developing a flux field during both of the alternate con-
ducting states and to interrupt the flow of current through
the inductive means during the transfer period, the dura-
tion of the transfer period being less than the time re-
quired for the decay of the flux field produced during the
alternate conducting states, and operating means for oper-
ating the magnetic switch to its alternate conductive states
in synchronism with the distributor means, said operating
means operating the switch to provide a transfer period
that is substantially uniform in duration over the range
of operating speeds of the engine.

References Cited

UNITED STATES PATENTS
2,112,214  3/1938 ‘Tognola oo 315—209
2,584,907  2/1952 Nelson oo eenen . 200—19

{Other references on following page)



3,359,455

29 30
UNITED STATES PATENTS 3,166,652 1/1965 Werts _______________ 200—87
2,781,412 2/1957 Mike - ______ 315--209 3,250,955 5/1966 Kirkac —____________ 315—200
2,929,896  3/1960 Ronning ___________ 315—209%

2045931 7/1960 JAMES D. KALLAM, Primary Examiner.
Reese

> 2 5 H o

3,114,220 12/1963 Hall - ____________ 335205 = JOHNW. HUCKERT, Examiner.

3}133,173 5/1964 Vriens oo 315—209 R.F. POLISSACK, D. O. KRAFT, Assistant Examiners.



