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ABSTRACT OF THE DISCLOSURE 
A switch device for the primary circuit of an ignition 

coil in an ignition system for an internal combustion en 
gine has encapsulated ferro-magnetic contacts biased to 
open the circuit and is closed intermittently by a magnetic 
flux produced in timed relation with engine rotation. 

This invention relates in general to an ignition device 
for the use of an internal combustion engine and more 
particularly to a switch incorporated into such an igni 
tion device. 
The conventional type of ignition devices previously 

widely employed comprises generally a cam operated 
switch, frequently called a contact breaker, capable of 
being opened and closed by a cam member rotating in 
synchronization with rotational movement of an internal 
combustion engine to be operated, the arrangement being 
such that opening of the switch causes interruption of an 
input current to an ignition coil thereby to produce an 
igniting high ignition voltage which is, in turn, utilized 
to effect igniting discharge across an ignition plug. The 
switch, however, has been designed to effect generally 
make-and-break operation as many times, for example 
from a few thousand to a few ten thousand times per 
minute, as necessary in synchronization with rotational 
movement of the associated engine. Therefore, such a 
switch is disadvatageous in that its useful life is short 
due to resulting wear of a cam follower engaging the 
cam, the consumption of surfaces of the contacts caused 
by electric arcs generated across the contacts and the 
like. This usually leads to the necessity of replacing the 
used switch by a new one after the associated motorcar 
has travelled a distance of from 3000 to 6000 km. 

Further, in the above described type of switches, the 
engagement of the cam with its cam follower, a dimen 
sion of separation between the contacts and the like, 
affects critically the opening position of the switch. Thus 
after a new switch has been incorporated into the asso 
ciated ignition device, the same is required to be re 
adjusted by a skilled technician. 
The switch as above described is also designed and 

constructed Such that within a range of low numbers 
of revolutions of the engine, the cam follower is slowly 
raised along an included projection on the cam to sep 
arate slowly the contacts resulting in a decrease in an 
opening speed of the switch. This causes an interruption, 
at which an input current to the ignition coil is inter 
rupted, to decrease with the result that a change in input 
current becomes gentle leading to a reduction in high igniting voltage. 

Moreover, in order to prevent the contacts from chat 
tering, and also due to restrictions for the cam machining 
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technique, an angle at which the projection on the cam 
is tilted cannot be made small below a certain value and 
accordingly an angular range over which the switch is in 
its open position cannot be made large beyond a certain 
value. This causes a time interval during which the switch 
is in its closed position to decrease in a high speed oper 
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ation of the engine. In other words, the switch will be 
open before the input current to the ignition coil that 
gradually increases in magnitude through the inductance 
of the ignition coil for a time interval when the switch is 
in its closed position will have risen to a sufficient mag 
nitude. Therefore the input current to the ignition coil 
may change only by a relatively small magnitude upon 
opening the switch. This causes a high igniting voltage 
and hence the ignition energy to decrease resulting in a 
disadvantage in that the ability for the ignition device to 
ignite the engine is decreased. This disadvantage is signi 
ficant especially when the device is associated with a 
multi-cylinder engine including a cam provided with a 
plurality of projections. 

In addition, a cam operated switch such as above de 
scribed is required to be inevitably of an open construc 
tion. Thus there is a fear that a lubricating oil involved 
may leak into the switch through a bearing for carrying 
the associated distribution shaft. When this occurs, the 
leaked portion of the lubricating oil enters directly a 
gap between the contacts and then deteriorates through 
the action of the electric arc which may be produced be 
tween the opposed contact surfaces whereby a contact 
resistance between the opposed contacts increases lead 
ing to a great reduction in ignition ability. 
The primary object of the invention is, accordingly, 

to eliminate all the abovementioned disadvantages of the 
prior art type ignition devices for use with internal com 
bustion engines. 
An object of the invention is to provide an ignition 

device for use with an internal combustion engine in 
cluding a new and improved switch structure having a 
long useful life. 
Another object of the invention is to provide an igni 

tion device for use with an internal combustion engine 
including a new and improved exchangeable switch struc 
ture capable of being incorporated in the ignition device 
without the necessity of re-adjusting it through the skilled technique. 
A further object of the invention is to provide an 

ignition device for use with an internal combustion en 
gine including a new and improved switch structure capa 
ble of be opened at a sufficiently high rate even in a 
range of low numbers of revolution of the engine. 

Still another object of the invention is to provide an 
ignition device for use with an internal combustion en 
gine including a new and improved switch structure 
capable of being maintained in its closed position suffi 
ciently long even in a range of a high number of revolu 
tions of the engine. 

Another object of the invention is to provide an igni 
tion device for use with an internal combustion engine 
including a new and improved switch free from any fail 
lure due to lubricating oil having entered the switch. 

According to the invention there is provided an ignition 
device for use with an internal combustion engine, com 
prising a Switch structure connected to a source of direct 
current and operative to be open and closed in 
Synchronization with rotational movement of the engine, 
and an ignition coil having an input current applied there 
to from the source through the switch. Opening of the 
Switch interrupts the input current to the ignition coil to 
produce a high ignition voltage. The switch is characterized 
in that it is a protective tube type switch comprising an 
enclosed envelope and a pair of engageable contact ele 
ments, responsive to magnetic flux, sealed into the 
envelope and in that there are provided rotor means 
driven in Synchronization with rotational movement of 
the engine to change a magnetic flux passing from magnet 
means through the pair of contact elements thereby to 
open the Switch at each time the engine is to be ignited. 
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In one embodiment of the invention, rotary magnet 
means may be disposed such that it is driven in 
synchronization with rotational movement of the engine, 
and provides a magnetic flux passing through the pair of 
contact elements of the protective tube type Switch in 
its opposed position with respect to the switch thereby to 
close the latter and that it is moved from its opposed posi 
tion to remove the magnetic flux from the pair of contact 
elements at each time the engine is to be ignited, thereby 
to open the switch. Advantageously, stationary magnet means may be dis 
posed opposite to and separated from the Switch to pro 
vide a magnetic flux passing through the pair of contact 
elements to close the switch and a rotatory magnetic mem 
ber or magnetic shutter is rotatably disposed in an an 
nular space formed between the Switch and the magnet 
means. During its rotational movement the magnetic 
shutter member interrupts the magnetic flux passing from 
the magnet means through the pair of contact elements 
each time when the engine is to be ignited, thereby to 
open the switch. 
A semiconductor device such as a transistor may be 

conveniently associated with the switch so as to be non 
conductive through opening of the switch thereby inter 
rupting the input current to the ignition coil. 

In order to ensure contacting of the pair of contact 
elements of the switch an amount of mercury may be 
sealed into the switch to wet the surfaces of both contact 
elements. 
The invention as to its organization and its method of 

operation as well as the other objects and advantages 
thereof will become apparent from the following detailed 
description taken in conjunction with the accompanying 
drawings in which: 

FIG. 1 is a front elevational view, partly in longi 
tudinal section of a distributor including therein one form. 
of a switch structure embodying the teachings of the 
invention; 

FIG. 2 is a sectional view taken along the line II-II 
of FIG. 1; 

FIG. 3 is a schematic diagram of an electrical circuit 
which may be used with one embodiment of the invention; 

FIG. 4 is a view similar to FIG. 2 but illustrating a 
distributor including therein another form of the Switch 
structure embodying the teachings of the invention; 

FIG. 5 is an elevational view, partly in longitudinal 
section, of a distributor including therein another form 
of the switch structure embodying the teachings of the 
invention; 

FIG. 6 is a sectional view taken along the line VI-VI 
of FIG. 5; FIG. 7 is a view similar to FIG. 6 but, illustrating a 
distributor including therein a still further form of the 
switch structure embodying the teachings of the invention; 

FIG. 8 is a front elevational view of a distributor in 
cluding therein another form of the switch structure em 
bodying the teachings of the invention with the lefthand 
portion illustrated in longitudinal section; 

FIG. 9 is a sectional view taken along the line IX-X 
of FIG. 8: - 

FIG. 10 is a schematic diagram of an electrical circuit 
which may be used with another embodiment of the in 
vention; and FIG. 11 is a front elevational view partly in section of 
a protective tube type switch constructed in accordance 
with the teachings of the invention. 

Throughout figures like reference numerals designate 
the corresponding or similar components. 

Referring now to FIGS. 1 and 2, there is illustrated 
one form of distributors embodying the teachings of the 
invention. In FIGS. 1 and 2 a distributor is shown as being 
an ignition device widely used with a four stroke cycle 
four cylinder internal combustion engine and comprises 
a cylindrical base block 1 of any suitable electrically in 
sulating material and a detachable cap or head member 
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4. 
generally designated by the reference numeral 2. The cap 
member 2 may be of the same material as the base member 
1 and includes a central electrode 3 centrally disposed 
on the bottom thereof and a plurality of distribution elec 
trodes 4 in this case four electrodes disposed at substan 
tially equal angular intervals on the peripheral portion of 
the bottom. A pair of clip member 5 made by any suit 
able resilient metallic material are provided to clamp and 
cap member 2 to the base block 1 with a suitable space 
formed therebetween for a purpose as will be apparent 
hereinafter. A rotatory shaft 6 is rotatably journalled by 
and extends through the base block 1 into a cylindrical 
space formed above the base member. The rotatory shaft 
6 can be operatively connected to a crank shaft for the 
associated internal combustion engine through gears al 
though such components are not shown in FIGS. 1 and 2 
and adapted to be driven in the direction of the arrow 
illustrated in FIG. 2 in synchronization with the engine 
at a rate corresponding to a half of the number of revolu 
tion of the latter. Rigidly secured on the upper end por 
tion of the rotatory shaft 6 is a distributor rotor 7 of any 
suitable electrically insulation material including a strip 
shaped contactor 8 of any suitable electrically conductive 
material resiliently and electrically connected to the 
central electrode 3 at all times and having a free end 
capable of successively opposing to the plurality of dis 
tribution electrodes 4 as the rotatory shaft 6 is rotated. 
All the components as above described are of the con 
ventional constructions. 
Sandwiched between the base and cap members 1 

and 2 respectively is a cylindrical casing 9 of any suit 
able electrically insulating material forming a main body 
of a switch device constructed in accordance with the 
teachings of the invention. The switch device is generally 
designated by the reference numeral 10 and comprises 
the cylindrical casing 9 just described, an upper and a 
lower support plate 1 and 12 respectively radially ex 
tending from the upper and lower end portions of the 
casing 9 toward the rotatory shaft 6 at right angles to 
the latter, and a plurality of protective tube type switches 
13A through D disposed at substantially equal angular 
intervals adjacent the internal peripheral wall of the cas 
ing 9. The type of switch commonly called a reed switch 
may be preferably used. Since the distributor illustrated is 
intended to be used with a four stroke cycle-four cylinder 
engine four of such switches are disposed at substantially 
equal angular intervals equal to an angle of 90 degrees 
about the axis of the rotatory shaft 6 as shown in FIG. 2. 

Each of the switches 13A through D includes an en 
closed envelope 14 in the form of a tube and a pair of 
make-and-break contact elements 15 and 16 in the form 
of a strip made of any suitable ferro-magnetic material 
and sealed into opposing relationship into the envelope 
14 to form a gap 17 therebetween. It is noted that the 
gap 17 between each of contact elements is formed in 
the direction perpendicular to the associated radius from 
the rotatory shaft 6. The pair of contact elements 15 and 
16 are sealed through the both ends of the envelope 15 
and extend through the upper and lower support plates 
11 and 12 respectively to which they are rigidly secured. 

In order to prevent the opposed surfaces of the mating 
contact elements from oxidizing due to any arc which 
may occur thereacross upon separating the engaged con 
tact elements, any suitable inert gas is preferably filled 
in the enclosed envelope 15. Alternatively the interior of 
the enclosed envelope may be maintained in a vacuum. 
The protective tube type switch will be more fully de 
scribed hereinafter in conjunction with FIG. 11. 

In order to open and close the switches 13A through 
D magnet means are provided comprising a rotor mem 
ber generally designated by the reference numeral 18, 
and rigidly mounted to the periphery of the rotatory shaft 
6. The rotor member 18 consists of a permanent magnet 
19 of U-shaped cross section and a counter weight 20 
extending in the diametrically opposite directions. The 
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magnet 19 includes a pair of opposed pole pieces in the 
form of a sector radially extending and charged so as 
to provide an N pole and an Spole as shown in FIG. 1. 
As shown in FIG. 2, each of the pole pieces has a free 
edge formed into a circular arc whose center is on the 
axis of the rotatory shaft 6. As the rotatory shaft 6 is 
rotated the free edge of the pair of pole pieces of the 
magnet 19 are adapted to be disposed successively op 
positely to the switches 13A through D with a very small 
spacing formed between the same and the internal side 
of the adjacent switch. In the example illustrated, the 
free edge of each of the pole pieces has an angular length 
less than an angle of 90 degrees thereby to be prevented 
from being simultaneously opposite to any two of the 
switches for a purpose as will be apparent hereinafter. 
As well known, the counter weight 2 ensures that the 
rotatory shaft 6 is maintained in its balanced state. 

Referring now to FIG. 3 there is illustrated an electri 
cal circuit used with the distributor as above described. 
The protective tube type switches 13A through D are 
connected in a parallel circuit relationship between a 
source of direct current such as a battery 21 equipped 
on the associated vehicle and an ignition coil generally 
designated by the reference numeral 22. More specifically 
the parallel combination of the switches 3A through D 
are connected in series to the primary winding 23 of the 
ignition coil 22 having a secondary winding 24 inductively 
disposed on the same iron core as the primary winding 
22. The output of the secondary winding 24 then can 
be electrically connected to the central electrode 3 on 
the distributor and then successively transmitted to the 
distribution electrodes 4 by the rotating contactor 8. 
From the foregoing it will be readily appreciated that 

the switch device 0 is operated by both the rotatory 
shaft 6 and the rotor 18 driven in synchronization with 
and a rate corresponding to a half of the number of revo 
lution of the engine crank shaft. With the rotor 18 brought 
in its position illustrated at solid line in FIG. 2 where 
the leading edges 19a of the rotor opposes to the par 
ticular switch 13A a magnetic flux from the magnet 19 
passes through a path extending from the N pole of the 
magnet through the contact element i5, the gap 17 and 
the contact element 16 of the switch 13A back to the S 
pole of the same magnet. This magnetic flux attracts both 
contact elements 15 and 16 toward each other to cause 
the gap 17 to collapse with the result that one of the con 
tact elements contacts the other contact element. Thus 
upon closing the switch 13A an input current to the pri 
mary winding 23 of the ignition coil 22 immediately be 
gins to flow therethrough and then gradually increases in 
magnitude in accordance with a certain time constant. 
The rotatory shaft 6 is further rotated until the rotor 18 
is rotated to its position illustrated at dot-and-dash line 
in FIG. 2. At that time the tail edge of the rotor 18 will 
be disposed opposite to the Switch 13A. This causes ex 
tinguishment of the magnetic flux passed from the mag 
net 19 through the switch 13A. Therefore the resilience 
of both contact elements 15 and 16 causes the one of 
the contact elements to separate from the other contact 
element resulting in opening of the switch 
This opening of the switch 13A causes interruption 
of the input current to the primary winding 23 of the 
ignition coil 32. A change in input current due to 
this interruption permits a high ignition voltage to be 
produced across the secondary winding 24. Here it is to 
be noted that when the tail edge 19b of the rotor 18 is 
disposed opposed to the switch 13A the contactor 8 on 
the distribution rotor 7 is designed and constructed to be 
opposed to a selected one of the distribution electrodes 4 
with a very small gap formed therebetween. Therefore it 
will be understood that under these circumstances, the 
high ignition voltage thus produced is transmitted to an 
ignition plug in a first cylinder of the associated engine 
through the central electrode 3, the contactor 8, the as 
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6 
sociated one of the distribution electrodes 4 thereby to 
ignite the first cylinder. 
When the crankshaft has been rotated through an angle 

of 180 degrees after the ignition of the first cylinder, a 
time at which a second cylinder is to be ignited is reached. 
At that time the rotor 18 has been further rotated through 
an angle of 90 degrees from its position where the same 
performed the operation of igniting the first cylinder and 
the tail edge 19b is disposed opposed to the succeeding 
switch 13B. Then the process as above described in con 
junction with switch 13A is repeated to produce a high 
ignition voltage which, in turn, ignites the second cylin 
der. Thus it will be appreciated that each time the rotor 
18 has been rotated through an angle of 90 degrees after 
the ignition of the second cylinder, a third and a fourth 
cylinder are successively ignited resulting in operation 
of the four stroke cycle-four cylinder engine. 
As previously described, the switch device 10 includes 

a plurality of protective tube type switches 13A through 
B adapted to be externally operated by the magnetic flux 
but not by engagement of a rotating component with a 
stationary component as in the conventional type of cam 
operated switches. This leads to an advantage that the 
useful life of the switch is greatly prolonged. In this con 
nection only wear of the contact elements 15 and 16 
becomes into question. In order to alleviate this problem 
of wearing the contact elements, the enclosed envelope 14 
can be maintained in a vacuum or have any suitable inert 
gas such as argon filled therein to prevent oxidation of 
the contact elements 15 and 16 resulting from any arc 
which may occur therebetween upon separating them. The 
results of experiments indicated that the useful life of the 
present switch device was as long as 5 to 10 times as 
compared with the conventional cam-operated switches. 

Also, unlike the conventional cam-operated switches 
in which the cam may engage its follower at different 
postions in operation, the present switch has its opening 
position remaining unchanged in operation. This leads to 
another advantage that even if the contact elements of the 
switch would have been worn such switch can be simply 
replaced by a new switch without the necessity of effect 
ing adjustment through a skilled technique or by a skilled 
technician. 

Preferably, the tail edge 19b of the permanent magnet 
19 is machined to form a sharp corner between the same 
and the associated arc-shaped front edge whereby the tail 
edge is allowed to be instantaneously separated away from 
the adjacent Switch 13. This ensures that even in the 
range of a low number of revolutions of the engine, the 
respective switches 13A through D can perform the quick 
opening operation to increase an interruption speed at 
which the input current to the ignition coil 23 is cut off 
with the result that the input current sharply reduces to 
Zero magnitude to produce a sufficiently high ignition 
voltage across the coil. Also the quick opening of the 
switch causes an arc to be difficult to occur between the 
contact elements thereof resulting in an increase in the 
life of the switch. 
Moreover the switch device 10 can be provided with 

means for rendering an angular range over which each 
of the Switches is in its open position, sufficiently small 
while rendering an angular range over which the latter 
is in its closed position, sufficiently large. With the em 
bodiment illustrated, an angle subtended between the 
leading and tail edges 19a and b of the permanent mag 
net 19 Substantially corresponds to the angular range for 
the each switch in its closed position while 90 degrees 
minus that angle substantially corresponds to the angular 
range for each switch in its open position. According to 
the teachings of the invention, the angular range over 
which each Switch is in its open position can be chosen 
to be Small enough to ensuring that when one switch 
performs its opening operation the next succeeding switch 
is prevented from being in its closed position. In this 
connection, any leakage flux from the permanent magnet 
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becomes no problem. The results of experiments, how 
ever, indicated that the angular range over which each 
switch is in its open position was in the order of 10 
degrees measured about the axis of the rotatory shaft 
while the angular range over which it is in its closed 
position could be increased up to the order of 80 degrees. 
In contrast, any of the conventional cam-operated Switch 
'or contact breakers could not have both an angular range 
over which the contacts involved are in separated posi 
tion, less than approximately 20 degrees and an angular 
range over which the contacts are in engaged position, 
more than approximately 70 degrees. 
With an ignition device comprising a contact breaker 

such as above described, at approximately 4500 rp.m. 
at which the associated engine is operated decreases the 
high ignition voltage to approximately 70% of the maxi 
mum possible magnitude due the short time interval dur 
ing which the breaker is in its closed position. On the 
contrary, if the switch device 10 according to the inven 
tion includes the switches adapted to be in open position 
lover an angular range of 10 degrees a reduction of the 
high ignition voltage to 70% of the maximum possible 
magnitude occurred when the number of revolution of 
the associated engine increased to approximately 5800 
r.p.m. This proves that the invention greatly improves 
the ignition ability. 

It is recalled that the protective tube type switches 13A 
through D are of the perfectly enclosed construction. 
Therefore even if a lubricant involved would have leaked 
from a bearing unit for the distributor shaft 6 into the 
switch device the leaked portion of the lubricant is pre 
vented from entering the gap between the contact ele 
ments in each switch. This ensures complete elimination 
of a failure that might be caused by the contact elements 
being in bad contact state due to leakage lubricant being 
deteriorated by the arcs occurring between the contact 
elements. 

Referring now to FIG. 4, there is illustrated a modifica 
tion of the invention wherein a switch device includes a 
pair of protective tube type switches and a pair of rotatory 
permanent magnets for igniting a four stroke cycle-four 
cylinder internal combustion engine. As shown in FIG. 4, 
a switch device 10 includes a pair of protective tube type 
switches 13A and 13B spaced away from each other by 
an angular distance of 90 degrees, and rotor means 18 
consists of a pair of permanent magnets 19-A and 19-B 
mounted in diametrically opposed relationship on a 
rotatory shaft 6. The switches illustrated in FIG. 4 are 
identical in construction to those previously described in 
conjunction with FIGS. 1 and 2 and each of the per 
manent magnets 19-A and 19-B is also identical in con 
struction to the magnet 19 illustrated in FIGS. 1 and 2. 
In operation the tail edge 19Ab of the permanent magnet 
19-A successively travels past the switches 3A and 13B 
to ignite in succession a first and a second engine cylinder 
in the same manner as previously described and the tail 
edge 19Bb successively travels past the switches 13A and 
13B to ignite similarly a third and a fourth engine cylin 
der. Thus, at each time the rotor 18 has rotated through 
90 degrees, the associated one of the engine cylinders is 
ignited whereby the four stroke cycle-four cylinder engine 
is operated in the manner as previously described in con 
junction with FIGS. 1 through 3. 

Referring now to FIGS. 5 and 6, there is illustrated 
another modification of the invention. An arrangement il 
lustrated comprises four protective tube type switches 
13A through D disposed at substantially equal angular 
intervals as in FIGS. 1 and 2 and a stationary permanent 
magnet 19-A, 19-B, 19-C or 19-D disposed oppositely 
to each of the switches. Each permanent magnet is of a 
U-shaped cross section as the permanent magnet 19 
shown in FIGS. 1 and 2 and includes a pair of pole end 
faces opposite in polarity and facing the associated switch 
to form a gap therebetween. In this example it is noted 
that the permanent magnets are supported to an upper 
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8 
support plate 11 of a switch casing 9 as clearly shown 
in FIG. 5. 
The arrangement comprises further a cup-shaped mem 

ber 25 of any suitable magnetic material serving as the 
rotor 18 previously described in conjunction with FIGS. 
1 and 2. The cup-shaped member or shutter 25 has a bot 
tom rigidly secured on a rotatory shaft 6 and a cylindrical 
wall portion or axial extension extending upwardly be: 
tween the switches 13 and the permanent magnets 19 and 
provided with a single window 26 circumferentially ex 
tending through an angle slightly less than an angle of 90 
degrees. The cup-shaped member or shutter 25 cooperates 
with the permanent magnets 19-A through 19-B to effect 
closing and opening of the switches 13A through 13B. 
More specifically, when the window 26 on the cup-shaped 
member 25 is disposed opposite to one of the switches, 
the member permits a magnet flux from the associated 
permanent magnet to pass to that switch to close the 
latter. At the instant the tail edge 26b of the window 26 
travels past the now closed switch, the cup-shaped mem 
ber 25 acts as a shutter and begins to prevent the flux 
from the magnet from passing through the Switch to open 
the latter. Thus it will be appreciated that the switches 
are successively open once for each quarter of one com 
plete revolution of the rotary shaft 6 whereby the as 
sociated engine of four stroke cycle-four cylinder type is 
periodically ignited to be operated. 

In the arrangement illustrated in FIGS. 5 and 6, an 
angle subtended by the window 26 corresponds to an 
angular range over which the individual switches each 
are in its closed position while 90 degrees minus that 
angle corresponds to an angular range over which the 
switches each are in its open position. As in the embodi 
ment illustrated in FIGS. 1 and 2, the last mentioned 
angular range can be made sufficiently small while the 
first mentioned angular range be made sufficiently large. 
In other respects, the arrangement is substantially identi 
cal to that shown in FGS. 1 and 2. 
The arrangement shown in FIGS. 5 and 6, is particular 

ly advantageous in that the cup-shaped member or mag 
netic shutter 25 can be made in an extremely thin-walled 
structure to decrease the mass of the rotor 18. This leads 
to a decrease in mass of the rotatory part of the switch de 
vice and therefore to a simplification of the structure of a 
bearing unit for the rotatory shaft 6. Moreover, the 
shutter axial extension and tubes can be disposed in axial 
ly parallel planes to make the device compact radially. 
In addition, the rotatory shaft 6 is also axially carried at 
the bottom of a base block 1 (not shown). Therefore 
bearing means for axially carrying the rotatory shaft 6 
and hence lubricating means can be made in simple 
Structures. 

FIG. 7 shows an arrangement similar to that illustrated 
in FIGS. 5 and 6 excepting that a pair of switches as previ 
ously described are used to ignite a four stroke cycle 
four cylinder internal combustion engine. As in FIGS. 
5 and 6, a pair of protective tube type switches 13A and 
13B are spaced away from each other by an angle of 90 
degrees and associated with a pair of stationary perma 
nent magnets 19-A and 19-B disposed oppositely to the 
respective switches. 

In order to operate a four stroke cycle-four cylinde 
internal combustion engine, a cup-shaped member or 
magnetic shutter 25 similar in both shape and material to 
that as above described in conjunction with FIGS. 5 and 
6 is provided on the cylindrical portion with a pair of 
windows 26-1 and 26-2 subtending a larger angle and 
disposed symmetrically with respect to the axis of a ro 
tatory shaft 6 and includes a pair of solid cylindrical por 
tions left between the pair of windows. The window 26-1 
has its tail edge 26-1b diametrically opposed to the tail 
edge 26-2b of the window 26-2. At the instant the tail 
edge 26-1b of the window 26-1 successively travels past 
the switches 13A and 13B a first and a second engine 
cylinder are successively ignited and the tail edge 26-2b 



9 
of the window 26-2 serves to ignite a third and a fourth 
engine cylinder. In other respects, the arrangement is sub 
stantially identical to that illustrated in FIGS. 5 and 6. 

Referring now to FIGS. 8 and 9, there is illustrated 
another modification of the invention wherein a single 
switch of protective tube type is used to ignite a four 
stroke cycle-four cylinder internal combustion engine. An 
arrangement illustrated comprises a single switch 13 of 
protective tube type such as previously described hori 
zontally disposed on the internal or lower surface of an 
upper support plate 11 of a switch casing 9 with a gap 17 
between a pair of contact elements 15 and 16 disposed 
axially of a rotatory shaft 6. While the switch may be 
ordinarily positioned so as to have its longitudinal axis 
disposed in a radial direction with respect to the axis of 
the rotatory shaft, the same in the example illustrated is 
positioned at an angle to a diameter passing through the 
axis of the shaft 6 for the purpose of reducing the radial 
dimension of the switch device 10 (see FIG. 9). 

Operatively associated with the single switch 13 is 3. 
single permanent magnet 19 of U-shaped cross section 
disposed below the switch and supported on the internal 
surface of the lower support plate 12 of the switch casing 
9 with a pair of pole end faces opposite in polarity facing 
the switch. 

In order to close and open the switch 13, a rotor 18 
having a radial extension of any suitable magnetic ma 
terial in the form of a disk or magnetic shutter 25 is 
rotatably disposed between the switch 13 and the per 
manent magnet 19 and is provided with four windows 
26-1, 26-2, 26-3 and 26-4 defined by leading edge 26-1a 
through 26-4a, tail edges 26-1b through 26-4b and front 
arc-shaped edges respectively. As in the previous ar 
rangements, a first, a second, a third and a fourth engine 
cylinder are successively ignited at the instances the tail 
edges 26-1b through 26-4b travel past the switch 13 
respectively. It is to be noted that the tail edge of each 
window is selected to run in such a direction that when 
the tail edge is disposed opposed to the switch, the entire 
length thereof will have substantially instantaneously 
traveled past the switch with the result that opening of 
switch is quickly effected. In other respects, the arrange 
ment is substantially identical to that illustrated in FIGS. 
5 and 6. This device has the shutter and switch tube 
means in radially parallel planes thereby making the de 
vice compact axially. 

Referring now to FIG. 10, there is illustrated another 
circuit which may be associated with any of the arrange 
ments as previously described to ignite the associated 
engine. The circuit illustrated comprises a source of direct 
current 21, an ignition coil 22 and a pulse amplifier gen 
erally designated by reference numeral 27. The amplifier 
27 includes a PNP transistor 28 having an emitter elec 
trode connected to a positive terminal of the source 21, a 
base electrode connected to a switch device 10 such as pre 
viously described, and a collector electrode connected to 
the primary winding 23 of the ignition coil 22. The ignition 
coil 22 includes a secondary winding 24 the output from 
which can be selectively connected to ignition plugs 29-A, 
29-B, 29-C and 29-D for a first, a second, a third and 
a fourth engine cylinder through a central electrode 3, a 
distributor contactor 8 and selected one of distribution 
electrodes 4. 

In the circuit illustrated, a protective tube type switch 
13 in the switch device 10 is not required to control direct 
ly an input current to the primary winding 23 of the igni 
tion coil 22 but is required only to control such an input 
current divided by the amplification factor of the transis 
tor 27. In other words, the switch is sufficient only to 
control a low current resulting in a decrease in wear of 
the contact elements 15 and 16 of the switch 13 and ac 
cordingly in increase in useful life of the latter. Instead 
of the PNP transistor, an NPN transistor may be em 
ployed if desired. Also a multi-stage amplifier including 
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when required. When such a multi-stage amplifier is used, 
the larger the number of amplifier stages the lower the 
magnitude of current to be controlled by the switch 13. 
Thus the switch will have a longer useful life. 
The Switches 13 of the protective tube type used with 

the embodiments as previously described are generally 
called a reed switch comprising an enclosed envelope 14, 
a pair of contact elements 15 and 16 sealed thereinto. 
The interior of the enclosed envelope 14 may be main 
tained in a vacuum or have an amount of any suitable 
inert gas such as argon sealed therein whereby the contact 
elements 15 and 16 are protected against damage due to 
arcing therebetween. 

If desired such a reed Switch may be replaced by a so 
called "mercury contact switch" comprising an enclosed 
envelope having enclosed therein an amount of electri 
cally conducting liquid such as mercury as will be subse 
spently described in conjunction with FIG. 11. 
As shown in FIG. 11, a switch 13 comprises an en 

closed envelope 14, a pair of spaced contact elements 15 
and 16 to form a contact gap 17 therebetween and mer. 
cury 30 enclosed therein in an amount insufficient to wet 
directly those portions of the surfaces of the contact ele 
ments forming the gap 17. The mercury 30 is normally 
disposed on the bottom portion of the envelope 14 and 
adapted to move upwardly by its capillary action to wet 
the surfaces of the contact element 16. If the contact 
elements 15 and 16 contact each other by the external 
magnetic field resulting from the permanent magnet as 
previously described then that portion of mercury ad 
hering to the surface of the contact element 16 is also 
applied to the contact element 15 with the result that the 
surfaces of both contact elements 15 and 16 are wetted 
by the mercury 30. The mercury adhering to the sur 
faces of the contact elements 15 and 16 serves to in 
crease the magnitude of the current which may flow 
through the contacting portions of the elements when they 
are brought into contact relationship and also to prevent 
the contact elements 15 and 16 from wearing directly due 
to arcing therebetween resulting in an increase in the 
useful life of the switch. This is true in the case mercury 
is replaced by any other suitable liquid conductor. 
While the invention has been illustrated and described 

in conjunction with the permanent magnet for operating 
the protective tube type switch, it is to be understood that 
any electromagnet means including an energizing winding 
disposed around an iron core is, if desired, provided to 
operate such switch with the satisfactory result. 

Also while the invention has been described in terms 
of a four stroke cycle-four cylinder internal combustion 
engine, it is equally applicable to two stroke cycle en 
gines or engines including any desired number of engine 
cylinders by suitably changing the number of protective 
tube type switches, the positions where the switches are 
disposed in the associated switch casing and the shape 
of the rotor. 
From the foregoing it will be appreciated that the 

present invention has provided an ignition device greatly 
increased in useful life and including a switch device 
which need not be re-adjusted through a skilled technique 
and resuitling in easy replacement thereof. Moreover, the 
device increases greatly a change in input current to an 
ignition coil and thereby produces a sufficiently high igni 
tion voltage. In addition, this ignition voltage can be 
maintained at a sufficiently high magnitude even if the 
associated engine is operated at a sufficiently high num 
ber of revolutions. This ensures that the engine is per 
mitted to be ignited with a very high electrical energy and 
thereby to increase its power ouptput. Further the inven 
tion eliminates any failure due to deterioration of the con 
tact portions of the switch device and improves ignition ability. 
What I claim is: 
1. An ignition device for internal combustion engines 

a plurality of PNP or NPN transistors may be utilized is comprising, at least one stationary tube switch having 
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make-and-break contacts responsive to magnetic flux 
for closing thereof and normally open in the absence of 
application of magnetic flux thereto, at least one station 
ary permanent magnet disposed applying magnetic flux to 
said contacts for closing said contacts, a rotary magnetic 
shutter driven in operation in timed relationship with the 
internal combustion engine to which said ignition device 
is applied for periodically interrupting application of 
magnetic flux to said contacts to alternately open said 
switch upon interruption of said magnetic flux and close 
it by allowing said magnet to apply flux to said con 
tacts, an output circuit comprising an ignition coil to re 
ceive a voltage output from said source under control of 
said switch to develop a high ignition voltage for appli 
cation to said internal combustion engine. 

2. An ignition device according to claim 1, including 
an amplifier amplifying the output applied to said ignition 
coil. : 

3. An ignition device according to claim 2, in which 
said amplifier comprises a transistor. 

4. An ignition device according to claim 1, in which 
said tube switch comprises a mercury switch. 

5. An ignition device according to claim 1, wherein 
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said shutter has an axial extension for interrupting the 
magnetic flux flowing from the magnet to the tube switch, 
and said tube switch being disposed in a plane substan 
tially axially parallel to said extension. . 

6. An ignition device according to claim 1, wherein said 
shutter has a radial extension for interrupting the magnetic 
flux flowing from the magnet to the tube switch and said 
tube Switch being disposed in a plane substantially parallel 
with said radial extension. 
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