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[5 7] ABSTRACT 

There is disclosed a make-and-break type of spark 
plug for piston engines comprising a spark plug hous 
ing equipped with a counter electrode and a movable 
electrode positioned to cooperate with said counter 
electrode to form therebetween a short-circuit path. 
An armature is movably arranged within the spark 
plug housing and a magnetic coil acts upon said arma 
ture. Means serve to connect the armature with the 
movable electrode, and said armature includes an end 
face directed away from said movable electrode with a 
pressure equalization compartment being located 
within said spark plug housing at the region of said 
end face of said armature facing away from said mova 
ble electrode. At least one bore communicates the 
pressure equalization compartment with the interior of 
an engine cylinder associated with the spark plug, said 
at least one bore extending through said armature, 
said connecting means for said armature with said 
movable electrode and through both of said elec 
trodes. 

12 Claims, 3 Drawing Figures 
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MAKE-AND-BREAK SPARK PLUG 

BACKGROUND OF THE INVENTION 

The present invention relates to a new and improved 
make-and-break type spark plug for piston engines, 
which is of the type where a magnetic coil acts upon an 
armature actuating a movable electrode and at which 
an ignition pulse passes through the magnetic coil and a 
short-circuit path betweenthe electrode and a counter 
electrode (ground electrode), whereby the magnetic 
?eld building up in the magnetic coil brings about a so 
called “tearing up” or breaking away of the short-cir 
cuit path under corresponding spark formation. 
Make-and-break spark plugs possess the advantage 

in contrast to conventionally employed spark plugs 
with a ?xed electrode that they can produce powerful 
ignition sparks at relatively low voltages. At a time 
where the nowadays employed high ignition voltages 
are still poorly controlled attempts have again been 
made to employ in practice make-and-break spark 
plugs, yet without these efforts having brought about 
any extensive success. The reason therefore is probably 
based upon the fact that the problems arising by virtue 
of the burn-off, the charring or pitting of the inter 
rupter contacts, the soot build-up and similar 
disturbances could only be partially overcome, and in 
particular great dif?culties arose because of the 
pronounced and periodic altering pressure. Above all, 
these difficulties are predicated upon the fact that the 
movable electrode must be torn away by the armature 
of the magnetic coil from the ?xed or stationary elec 
trode in a rapid time sequence, and speci?cally cor 
responding to the rotational speed of the piston engine, 
so that the additional difficulty arose that the breaking 
or tearing away movement must occur against the com 
pression force, requiring the armature and the mag 
netic coil to exert relatively high forces. 

SUMMARY OF THE INVENTION 

Accordingly, there is still present a real need in the 
art for an improved make-and-break spark plug which 
is not associated with the aforementioned drawbacks of 
the prior art constructions. Therefore, a primary objec 
tive of the present invention is to provide such type 
spark plug which effectively and reliably ful?lls the ex 
isting need and is not associated with the previously ex 
plained drawbacks. 

In consideration of the foregoing explained problem 
. of the state-of-the-art spark plugs of this type a further 

speci?c object of the present invention therefore is 
concerned with reducing the forces which must be ex 
erted by the armature for the purpose of actuating the 
movable electrode and to that end especially making 
use of the pressure in the internal cylinder compart 
ment, that is to say, the compression pressure. 
Now, in order to implement these and still further 

' objects of the invention, which will become more readi 
ly apparent as the description proceeds, the invention 
contemplates the provision of a free space forming a 
pressure equalization compartment between the sur 
face of the armature facing away from the electrodes 
and an end face of the coil, and wherein the pressure 
equalization compartment is connected by at least one 
bore means with the internal compartment of the 
cylinder, this bore means passing through the armature 
by way of connection means between the armature and 
the movable electrode and through both electrodes. 
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2 
By virtue of the pressure equalization afforded by the 

teachings of the invention the armature forces required 
for tearing away of the movable electrode are con 
siderably reduced. The requisite armature force must 
essentially only apply the necessary inertia force for 
shifting away the movable electrode and essentially 
need not overcome any additional pressure forces since 
such are almost completely balanced out by the pres 
sure equalization chamber and the pressure equaliza 
tion bore means. 
The pressure increasing to a relatively high value 

within the cylinder should, on the one hand, lightly 
press the electrode against the counter electrode so 
that a pronounced magnetic ?eld builds up at the mag 
,netic coil before the armature raises the electrode 
against the action of this force and the stress of an as 
sociated spring from the counter electrode. However, 
on the other hand this pressure action should not reach 
a magnitude where lifting or raising of the electrode is 
questionable. At low voltages a small gap between both 
electrodes constitutes a relatively high electrical re 
sistance. Since the magnetic coil and this gap are 
located in series this means that the current delivered 
to the spark plug drops quite markedly already at the 
beginning of the tearing away or contact break move 
ment. Therefore, the magnetic ?eld should be 
completely built-up already at the beginning of such 
contact-break movement and have reached its op 
timum value. However, when the contact-break move 
ment has once been started, then, the compressive 
force built-up in the cylinder, and if necessary, together 
with the initiated combustion, should support the con 
tact-break movement, so that the movable electrode 
can assume, as rapidly as possible, its favorable spacing 
from the ?xedelectrode. The collapsing magnetic ?eld 
— and, as the case may be in conjunction with the still 
flowing current — then delivers a series of pronounced 
ignition sparks which distribute over the ring-shaped 
electrode surface. The tearing away or contact-break 
movement therefore should occur, as contemplated by 
the invention, in the form of a catapulting movement. 
The thermal value or thermal coefficient does not 

play any, or only a very slight, role for the inventive 
spark plug. It need not be feared that the spark plugs of 
the engine, which normally require a small thermal 
coefficient, will be soiled, while, on the other hand, the 
spark plug is also suitable for motors with a high ther 
mal coef?cient, without having to fear overheating. 
This is predicated upon the fact that the electrode is 
ring-shaped and in comparison to conventional spark 
plugs or to heretofore known make-and-break spark 
plugs is quite large. The forceful current ?ow prior to 
the contact-break movement, the catapulting of the 
electrode, and the relatively forceful rebound takes 
care of possible combustion residues. The thermal con 
ductivity between the electrode and the counter elec 
trode affords rapid heat withdrawal. 
The movement of the armature and the electrode oc 

curs axially with respect to the cylinder opening, the 
movable electrode upon tearing-away or breaking the 
short circuit path being catapulted or displaced in the 
direction of the interior of the cylinder away from the 
counter electrode. 
According to a preferred embodiment of the inven 

tion the electrode extends past the periphery of the 
electrode support providing the connection with the ar 
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mature and bears with its protruding marginal portion, 
in its rest position at a neighboring end surface of the 
spark plug housing forming the counter electrode. 

In each instance excitation of the magnetic coil is 
periodically brought about by current pulses controlled 
by a thyristor as a function of the rotational speed of 
the engine, so that a series of ignition or ?ring sparks 
which continuously wander upon the surface of the 
electrode appear between the movable electrode and 
the neighboring end surface of the spark plug housing. 
The electrode should be formed of a suitable materi 

-al possessing a very high molecular weight and a melt 
ing point exceeding 3,000° C. It is preferred to use 
molybdenum or a molybdenum alloy having a melting 
point of about 3,4l0° C. I 4 

According to a preferred embodiment of the inven 
tion the contact surface between the movable electrode 
and the counter electrode, which contact surface forms 
the short-circuit path is constructed to possess a sub 
stantially ring~shaped configuration, the external 
diameter of the ring-shaped contact surface possessing, 
for instance, a value of at least 10 millimeters. The lar 
gest contact surface furthermore can possess an area of 
at least 20 mm”. 
The voltage of the ignition pulse preferably amounts 

to 30 to 50 volts whereas the current intensity is 
between 0.3 and 3.4 amperes. Additionally, the inven 
tion is concerned with an ignition system for piston en 
gines consisting of a battery or another current source, 
a distributor and a number of spark plugs correspond 
ing to the number of cylinders of the engine. The com 
bination of the spark plugs as make-and-break spark 
plugs and that each spark plug has associated therewith 
a thyristor which periodically delivers a low voltage 
pulse to the associated spark plug is considered to be 
novel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be better understood and objects 
other than those set forth above, will become apparent 
when consideration is given to the following detailed 
description thereof. Such description makes reference 
to the annexed drawings wherein: 

FIG. 1 is an exploded perspective view of a preferred 
construction of inventive spark plug; 

‘ FIG. 2 illustrates in longitudinal sectional view the 
spark plug of FIG. 1 , but in assembled condition; and 

FIG. 3 schematically illustrates the ignition system of 
an engine equipped with the inventive spark plugs. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Describing now the drawings, FIG. 1 illustrates a 
preferred embodiment of inventive spark plug which 
will be seen to comprise a housing or shell 1 formed of 
an electrically conductive non-magnetic metal and es 
sentially possesses the external con?guration of a 
stepped circular cylinder. Housing 1 encloses a con 

- tinuous hollow bore or compartment la which widens 
at its upper region into a compartment or chamber 2. 
‘The lower housing portion possesses an external 
threading 3 by means of which housing 1, and speci? 
cally by further using a sealing ring 4 as employed with 
conventional spark plugs, can be threadably connected 
into a threaded bore provided at the cylinder head of 
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4 
the engine. The lowermost portion of the housing bore 
la is considerably narrowed so that there only remains 
a central throughpassage 5. 

Continuing, it will be seen that a cylindrical insulat 
ing sleeve 6 is mounted within the housing 1, above 
which sleeve there is located a mica insulating disc 7. A 
soft iron body member 8 constructed in the form of a 
stepped cylinder body bears against the insulating disc 
7, the lower portion of soft iron body 8 being sur 
rounded by the upper portion of the housing 1. The up 
permost edge 9 of the housing wall is inwardly ?exed so 
that the soft iron body member 8 is ?xedly clamped 
within the housing 1. An insulating ring 10 as well as a 
further insulating disc 11 prevents all electrical contact 
between the soft iron body member 8 and the housing 
1. 
A continuous bore 8a piercingly extends through the 

soft iron body member 8, this continuous bore 8a hav 
ing an upper somewhat widened bore section 12. in 
which there is accommodated a helical spring 13. The 
lower end of the helical spring 13 bears upon the sub 
stantially ring-shaped stepped surface of the bore. In 
the assembled condition of the device as shown in FIG. 
2, the upper end of the helical spring 13 continuously 
presses against the lower ring-shaped surface of a circu 
lar substantially cylindrical armature 14 fabricated 
from soft iron. This armature 14 is rigidly connected 
with a substantially circular or round rod member 15 
fabricated from a non-magnetizable yet electrically 
conductive material. Rod member 15 extends through 
the respective coaxial central bores 8a and 6a of the 
soft iron body member 8 and the insulating sleeve 6 and 
carries at its lower end an electrode 16. In the illustra 
tion of FIG. 1, the circular rod 15 with the armature 14 
has been omitted to preserve clarity in illustration. The 
electrode 16 is constructed in the form of a hollow 
cylinder, from the inner wall of which there extends up 
to its central region a web 17, and at that location is 
rigidly connected with the lower end of the rod 
member 15. The substantially ring-shaped end surfaces 
of the shell or housing 1 and the electrode 16 which 
confront one another are preferably ground ?at and 
size-matched to one another. 
The armature 14, the circular rod member 15 and 

the electrode 16 possess a pressure equalization bore 
means 31 which communicates the interior of the en 
gine cylinder with a pressure equalization chamber or 
compartment 21 disposed above the armature 14. The 
pressure increase brought about by the piston ascend 
ing within its cylinder acts, on the one hand, from 
below upon the lower ring-shaped surface of the elec 
trode 16 and, on the other hand, acts from above upon 
the end face of the armature 14. If the electrode 16 is 
raised vfrom its counter electrode or seat 1b then the 
pressure equalizes from the inside via the ring-shaped 
opening 30 in the electrode 16 and, of course, also 
from the outside, so that only the pressure differential 
of the cross-section of the throughbored circular rod 
member 15 acts upon the electrode 16, whereby the 
pressure effect is maintained at the armature 14. 
The uppermost portion or section of the soft iron 

body member 8 extends into the internal compartment 
of a magnetic coil 18 which is mounted in a coil support 
19 and closed towards the outside by a protective cap 
or sleeve 20. The coil support 19 consists of an electri 
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cally conductive, yet non-magnetizable metal and is 
threadablyconnected, while interposing a ring-shaped 
seal 27 , with the upwardly extending section 12 of the 
soft iron body member 8 equipped with external 
threading 12a. The pressure equalization compartment 
remaining above the armature 14 possesses a height h 
which is greater than the height of the electrode 16, so 
that even if there occurs an extensive erosion or burn 
ing-off of the electrode 16 it still possesses a sufficient 
size in the sense of the described pressure play. 
The coil winding 18 is connected at location 22 to 

the metallic coil support 19. The other end of this coil 
winding 18 is connected via a connection pin 23 and a 
plate 24.riveted therewith to a connection pin 25. The 
plate 24 is electrically insulated by an insulating disc 26 
with respect to the coil support 19. , 
The length of the hollow ‘circular rod 15 is dimen 

sioned such that in the illustrated ‘rest portion of the 
electrode a certain amount of play a exists between the 
lower edge of the armature 14 and the upper edge of 
the therebelow situated soft iron body member 8, this 
play a corresponding to the maximum size of the spark 
gap. 
The mode of operation of the complete ignition 

system is as follows: 
By referring to FIG. 3 it will be understood that the 

voltage of a conventional automobile battery 32 is 
stepped up to a value exceeding 30 volts by means of a 
suitable transformer 33. A number of thyristors 34 cor 
responding to the number of cylinders of the engine are 
electrically connected on the one hand with the trans 
former 33 and, on the other hand, with the connection 
pin 25 of each respective associated spark plug. The 
thyristors 34 are controlled by a distributor 35 which, 
in known manner, for four-cycle engines delivers, for 
each second engine revolution, a square-wave control 
pulse to each thyristor 34. Normally the square-wave 
control pulse will possess a pulse width of one three 
thousandths of a ‘second. Triggering of the pulses oc 
curs in known manner, for instance by a revolving mag 
net. Mechanically moved contacts are generally not 
desired, yet could be possibly utilized in the existing in 
stallation. Upon the arrival of a squarewave pulse the 
corresponding thyristor 34 opens or ?res so that a cur 
rent of about 0.5 to 2 amperes ?ows via the connection 
pin 25 through the magnetic coil 18 and via the soft 
iron body member 8 as well as the circular rod member 
15 to the electrode 16 and via the short-circuit path 
between the electrode 16 to the spark plug body to 
ground. The magnetic field which builds-up produces a 
downwardly directed force in the showing of the draw 
ing at the armature 14 by means of the soft iron body 
member 8. When this force overcomes the pressure of 
the ‘helical spring 13 and the already described dif 
ference of the compression force, then, the electrode 
16 is catapulted in the direction of the interior of the 
engine cylinder. As a result, there generally occurs a se 
ries of ignition sparks which distribute themselves 
about the ring-shaped surface of the electrode 16 and 
which are supplied from the still ?owing current and 
from the collapsing magnetic ?eld of the magnetic coil 
18. Upon collapse. of the magnetic ?eld the helical 
spring 13 again forces the armature 14 back into its 
starting position, where the electrode 16 again bears 
against the counter electrode formed by the spark plug 
housing. 
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6 
A particular advantage of the spark plug of the in 

vention resides in the ability to be able to choose the 
relationship of an automatic regulation of the ?ring 
time as a function of the pressure play. The point of 
time of tearing away of the short-circuit path between 
the electrode 16 and the counter electrode, on the one 
hand, depends upon the occurrence with time of the 
control pulses at the associated thyristor 34, however, 
also, on the other hand upon the course of the pressure 
build-up in the cylinder of the motor, which can be 
used for improved combustion. 

Experiments have shown that when using spark plugs 
designed according to the teachings of the present in 
vention there exists a considerable reduction in )the 
content of the carbon monoxide in the exhaust gases, 
so that when inspecting the automobile no signi?cant 
thought need be given about permitting an engine 
equipped with spark plugs designed according to the in 
vention to run in a closed area. 
The bum-o?' or erosion at the electrode is still 

nonetheless ' acceptable notwithstanding the 
pronounced spark formation. During a trial run it was 
found that upon travelling 15,000 kilometers there ex 
isted a bum-off or erosion of 2.5 millimeters at the 
electrode 16 and 2.5 millimeters at the counter elec 
trode. 
During replacement the upper portion of the housing 

is threaded away from the external threading at the sec 
tion 12 of the soft iron body member 8 and the lower 
portion of the spark plug is exchanged. 
Those skilled in the art will be readily capable of un 

dertaking suitable modi?cations and accommodating 
the spark plugs to particular conditions. 
By virtue of the fact that the contact surfaces 1b and 

16a or short-circuit path between the movable elec 
trode 16 and the counter electrode formed by surface 
1b are constructed to possess a substantially ring 
shaped con?guration there results a particularly 
uniform erosion or bum-off. If any given location is 
somewhat more pronouncedly burned-off, then at that 
location ignition sparks no longer form for a certain 
time whereas protruding parts constitute preferred lo 
cations for the spark formation. Moreover, the saving 
in fuel with engines equipped with spark plugs designed 
according to the present invention is considerable and 
in certain instances exceeds 10 percent. 
While there is shown and described present 

preferred embodiments of the invention, it is to be 
distinctly understood that the invention is not limited 
thereto but may be otherwise variously embodied and 
practiced within the scope of the following claims. 
What is claimed is: 
1. A make-and-break spark plug for piston engines 

comprising a spark plug housing equipped with means 
providing a counter electrode, a movable electrode 
positioned to cooperate with said counter electrode, 
said movable electrode and counter electrode forming 
therebetween a short-circuit path, an armature 
movably arranged within said spark plug housing, a 
magnetic coil for acting upon said armature, means for 
connecting said armature with said movable electrode, 
said armature including an end face directed away from 
said movable electrode, means providing a pressure 
equalization compartment within said spark plug hous 
ing at the region of said end face of said armature fac 
ing away from said movable electrode, the height of 
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said pressure equalization compartment being greater 
than the height of said movable electrode, and means 
providing at least one bore for communicating said 

- pressure equalization compartment with the interior of 
an engine cylinder associated with the spark plug, said 
means providing said at least one‘ bore extending 
through said armature, said connecting means for said 
armature with said movable electrode, and through 
both» of said electrodes. 

2. A make-and-break sparkplug for piston engines 
comprising a spark plug housing equipped with means 
providing a counter electrode, a movable electrode 
positioned to cooperate with said counter electrode, 
said movable electrode and counter electrode forming 
therebetween a short-circuit path, an armature 
movably arranged within said spark plug housing, a 
magnetic coil for acting upon said armature, means for 
connecting said armature with said movable electrode, 
said armature including an end face directed away from 
said movable electrode, means providing a pressure 
equalization compartment within said spark plug hous 
ing at the region of said end face of said armature fac 
ing away from said movable electrode, and means 
providing at least one bore for communicating said 
pressure equalization compartment with the interior of 
an engine cylinder associated with the spark plug, said 
means providing said at least one bore extending 
through said armature, said connecting means for said 
armature with said movable electrode, and through 
both of said electrodes, said movable electrode and 
said counter electrode possessing confronting contact 
surfaces forming therebetween said short-circuit path 
and possessing a substantially ring-shaped con?gura 
tion. ’ ~ 

3. The spark plug as de?ned in claim 1, further in 
cluding an ignition circuit for such sparkplug embody 
ing thyristor means for producing ignition pulses. 

4. The spark- plug as de?ned in claim 1, wherein said 
armature and said movable electrode are arranged for 
substantially coaxial movement. 

5. The spark plug as de?ned in claim 4, wherein said 
movable electrode is displaced away from said counter 
electrode in a direction away fromsaid spark plug 
housing to break-up said short-circuit path. 

6. A make-and-break spark plug for piston engines 
comprising a spark plug housing equipped with means 
providing a counter electrode, a movable electrode 
positioned to cooperate with said counter electrode, 
said movable electrode and counter electrode forming 
therebetween a shorbcircuit path, an armature 
movably arranged within said spark plug housing, a 
magnetic coil for acting upon said armature, means for 
connecting said armature with said movable electrode, 
said armature including an end face directed away from 
said movable electrode, means providing‘ a pressure 
equalization compartment within said spark plug hous 
ing at the region of said end face of said armature fac 
ing away from said movable electrode, and means 
providing at least one bore for communicating said 
pressure equalization compartment with the interior of 
an engine cylinder associated with the spark plug, said 
means providing said at least one bore extending 
through said armature, said connecting means for said 
armature with said movable electrode, and through 
both of said electrodes, said movable electrode being 
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8. 
displaced away from said counter electrode in a 
direction away from said spark plug housing to break 
up said short-circuit path, said movable electrode ex 
tending past the’ periphery of said means for connecting 
said armature with said movable electrode, said mova 
ble electrode incorporating a protruding marginal por 
tion which in the rest position of said movable elec 
trode bears against a neighboring end contact surface 
of said spark plug housing providing said counter elec 
trode, said bore being provided at said armature, at said 
connecting means and at said movable electrode to 
permit the pressure prevailing in the engine cylinder to 
be transmitted to said pressure equalization'compart 
ment and to thus support the axial movement of said 
movable electrode, and .ignition circuit means for 
delivering thyristor-controlled current pulses as a func 
tion of the rotational speed of the engine to-the mag 
neticcoil, so that between the movable electrode and 
said neighboring end ‘contact face of said spark plug 
housing there exists an ignition spark which continu 
ously wanders upon the surface of said movable elec 
trode. . - 

7. A make-and-break spark plug for piston engines 
comprising a spark plug housing equipped with means 
providing a counter electrode, a movable electrode 
positioned to cooperate with said counter electrode, 
said movable electrode and counter electrode forming 
therebetween a short-circuit path, an armature 
movably arranged within said spark plug housing, a 
magnetic coil for acting upon said armature, means for 
connecting said armature with said movable electrode, 
said armature including an end face directed away from 
said movable electrode, means providing .a pressure 
equalization compartment within said spark plug hous 
ing at the region of said end face of said armature fac 
ing away from said movable electrode, and means 
providing at least one bore for communicating said 
pressure equalization compartment with the interior of 
an engine cylinder associated with the spark plug, said 
means providing said at least one bore extending 
through said armature, said connecting means for said 
armature with said movable electrode, and through 
both of said electrodes, said armature being provided 
with a central bore, said connecting means comprising 

' a through-bored rod member seated in said central 
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bore and connected with said movable electrode. 
8. The spark plug as de?ned in claim 7, wherein said 

movable electrode consists of a substantially ring 
shaped member having a radially extending web to 
which there is secured said rod member. 

9. A Vmake-and-break spark plug for piston engines 
comprising a spark plug housing equipped with means 
providing a counter electrode, a movable electrode 
positioned to cooperate with said counter electrode, 
said movable electrode and counter electrode forming 
therebetween a short-circuit path, an armature 
movably arranged within said spark plug housing, a 
magnetic coil for acting upon said armature, means for 
connecting said armature with said movable electrode, 
said armature including an end face directed away from 
said movable electrode, means providing a pressure 
equalization compartment within said spark plug hous— 
ing at the region of said end face of said armature fac 
ing away from said movable electrode, and means 
providing at least one bore for communicating said 
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pressure equalization compartment with the interior of 
an engine cylinder associated with the spark plug, said 
means providing said at least one bore extending 
through said armature, said connecting means for said 
armature with said movable electrode, and through 
both of said electrodes, said electrode being formed of 
a high molecular weight material having a melting point 
exceeding 3,000° C. ' 

10. The spark plug as de?ned in claim 9, wherein 
said electrode is formed of a material selected from 
molybdenum and molybdenum alloys. 

11. The spark plug as defined in claim 1, wherein 
said housing of said spark plug is constructed as a 
bipartite member, one part of which houses said mag 
netic coil, whereas the other part of which is an 
exchangeable housing portion which can be threadably 
connected with the ‘engine cylinder and can be 
replaced after pronounced bum-off of the movable 
electrode. 
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12. An ignition system for piston engines comprising 
a power source, a distributor in circuit with said power 
source, a number of spark plugs corresponding to the 
number of cylinders of the engine, transformer means 
for stepping up the voltage of the power source so as to 
exceed 30 volts, said spark plugs comprising make-and 
break spark plugs, each such spark plug including a 
magnetic coil and a movable electrode and a cooperat 
ing counter electrode forming therebetween a short_ 
circuit path, a thyristor in circuit with the magnetic coil 
of each spark plug and said transformer means for 
periodically connecting in pulse-like fashion as a func 
tion of the rotational speed of the engine said trans 
former means with the series circuit consisting of the 
magnetic coil of the associated spark plug and the 
breakable short-circuit path between the movable elec 
trode and the counter electrode. 

* * * * * 
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