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As is well recognized in this art, the spark tim-
ing has a major effect upon the efficiency of oper-
ation of a spark ignition engine. In order to ob-
tain maximum power, ignition must occur before
the compression stroke is completed, that is, be-
fore top dead center is arrived at by the piston,
because the combustion process requires a finite
time and it is desirable that the maximum pres-
sure be developed in the cylinder before the ex-
pansion of the power stroke begins.

As will be seen later and as well known in this
art, the higher the engine speeds, that is, the
higher the linear velocity of the piston, the earlier
must be the spark, in order that the combustion
process have sufficient time to generate the maxi-
mum pressure by the time the piston reaches top
dead center. The optimum position for the spark
in relation to the stroke is determined by labora-
tory experimentation, as will be more fully set
forth below.

The interval between the time of the spark and
the arrival of the piston at top dead center is
termed the “spark advance.”” The earlier the
spark is generated in the compression stroke of
the engine, the more advanced is the spark, and
the nearer to the time of arrival of the piston at
top dead center, the more retarded is the spark.
The degree of spark advance may be measured
in terms of the crank angle.

While the degree of spark advance is a function
of engine speed, it is also a function of throttle
position. Thus, at any engine speed. the degree
of spark advance desirable for part throttle oper-
ation is greater than that required for full throttle
operation. The adjustment of the spark advance
In a spark ignition engine is accomplished by ad-
justing the angular relation between the breaker
cam and the breaker points. As is well known
in this art, the distributor contains a cam shaft
which is rotated usually at half engine speed.
The cam shaft rotates a cam usually in the form
of a nut with lobes equal in number to the number
of cylinders fired by the distributor. Surround-
ing the cam shaft and concentric therewith is a
non-rotating breaker plate upon which is
mounted a breaker, the function of which is to
open the circuit of the ignition system so that
the condenser discharges across the cylinder plug
points. The angular relationship between the
breaker and the cam determines the point in
the stroke of the piston when the breaker points
will separate and the spark will jump.

The term “full load” refers to that load which
is imposed upon the engine at full open throttle
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position at any given speed. In other words, it
is the maximum load which may be imposed upon
an engine when the throttle is wide open in order
that a particular chosen speed be maintained
at a steady rate.

“Part load” or “load at part throttle position”
is that load which at any given speed is tolerable
at any throttle position less than full.

“Road load” is that load which is at part throttle
position. “Road load” has become a rather gen-
erally recognized term in this art to specify as
standard a part load which corresponds to the
load on an engine equivalent to that imposed
by an automobile of medium weight with three
people of average size when driving on a straight
road without acceleration. This rather arbitrary
loading corresponds to about a 35° throttle open-
ing at speeds of about 3400 R. P, M. Road load
may thus be stated as the load imposed on an
engine operating at 3400 R. P. M. at seal level
with the throttle, for example, at 35°, from fully
closed. With such road load imposed on the
engine, as the throttle is opened beyond 35° the
engine speeds up under such constant road load,
and as the throttle is closed the engine slows
down. ’

In order to determine the best spark position
for all conditions of operation of the engine, the
engine is tested under load either in a dynamom-
eter or on the road and the spark is set manu-
ally by adjusting the breaker plate for all con-
ditions of throttle position and speed to establish
what is known as the Ideal spark advance curves
for full load and road load positions. If the spark
is controlled to advance along these curves at
full load and road load they will also be adequate
at intermediate load conditions, Such curves and
spark advance settings are hereafter referred to
as ideal or optimum curves or settings.

During cranking and idling the spark for best
operation is retarded. When operating at road
load, the spark should be advanced, the degree
of advance being greater as the speed at road load
operations is higher. As the throttle is opened
wider to full throttle position for full load opera-
tions the spark is best retarded, but at full throttle
operation the spark should be more advanced the
higher the speed at full load, i. e., wide open
throttle.

Bpark ignition internal combustion engines,
particularly those used in the automotive field,
have devices for automatically adjusting the spark
advance in relation to engine speed and also in
relation to the throttle position at such engine
speed, One method employed is to attach the



2,478,170

3

cam to centrifugal weights which are rotated by
the cam shaft. As the engine speed increases
the weights move out under centrifugal force and
rotate the breaker cam relative to the drive shaft,
thus advancing the spark. -However, since at
part throttle operation a greater spark advance
at any engine speed is desirable than that for full
throttle operation, it is desirable that the spark
advance mechanism at part throttle operation
advance the spark an amount in addition to that

which is obtainable from the centrifugal spark
In one standard type of -

advance mechanism.
such device now employed the breaker plate is

advanced above that obtainable from the centrif-.

ugal weight by means of a link connected to a
pneumatically operated power means for actuat-
ing the link. This means is conventionally a dia-
phragm positioned in a chamber which is in turn
connected to an orifice positioned at the throttle
“in the air fuel induction system.

In another form of such automatic spark ad-
vance, such as represented by the Vanderpoel
and Ostling Patent No. 2,249,446, the centrifugal
weights are omitted and the entire advance is
pneumatically controlled.

In addition to the orifice positioned at the
throttle, an orifice is placed either at the main
carburetor venturi or at an auxiliary venturi,
as described in the co-pending application Serial
No. 694,266, filed August 31, 1946, by Garth L.
Young and Willlam Ostling.- A by-pass is pro-
vided between the two orifices which are in turn
connected to the pneumatic power means, specif-
ically the diaphragm chamber similar to that
described above. If desired a check valve may
be placed in this by-pass. With such an ar-
rangement the centrifugal weights may be en-
tirely omitted and the spark advance may be
obtained entirely by the rotation of the breaker
plate by means of a stem connected to the di-
aphragm in the diaphragm chamber.

With such an arrangement at idling position
the throttle orifice Is on the carburetor side of
the throttle and the velocity is so low that the
vacuum generated is low. It is insufficient to
advance the spark. When the throttle is opened
to part throttle position the throttle orifice is
on the manifold side of the throttle and is sub-
jected to the vacuum of the intake manifold but
this vacuum is in part b'ed through the Venturi
orifice which is, of course, at a higher pressure,
1. e., lower vacuum, and this modifies the exces-
sive vacuum thus created by the manifold and
the spark is advanced. When the throttle is
ovened to full open position, such as in the full
load operation, the manifold vacuum drops sub-
stantially and is at practically atmosoheric, but
due to the velocity of the gases throuch the ven-
turi there is a vacuum at the Venturi orifice
which prevents the spark from being retarded
to the degree it would have been if it had only
.been subiected to the manifold vacuum.

By positioning the check valve when the pres-
sure at the venturl is lower than at the throttle

‘orifice, as it is in full throttle position, the check
valve closes so that the vacuum generated at the
venturi is not bled by the higher pressure in

“the manifold, and thus the advance of the spark
is increased over that which would have been
obtained if the check valve had not been pres-
ent.

It is an ohject of my invention to improve the
operation of such spark advance mechanisms.

Experience with these types of automatic
spark advances of the prior art has shown that

4

while it is usually possible by proper adjustment
of the orifices sizes and their location, proper
choice of the tension of the retarding spring,
to obtain a spark advance with engine speed
at full load, i. e., at wide open throttle oper-
ation, which may he adjusted to correspond to
the ideal or optimum spark advance obtained

-in the laboratory, in the case of road load oper-
ations it is virtually impossible to obtain a spark

15

advance curve at all engine speeds at part throttle
operation which would coincide with the desir-
able spark advance curve for such different en-
gine speeds.

In the case of the governor controlled auto-
matic spark advance mechanism employing also

. a vacuum controlled road load advance as
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previously described, while it is possible by prop-
erly adjusting the centrifugal weights and spring
tension to obtain a full load advance as desired,
the advance at part throttle operation cannot
be made to fit the optimum or ideal curve. Thus,
if it were made to fit the optimum curve at
low speeds it is over advanced at higher speeds
and if it fits the curve at some higher speed
it will be far under advanced at lower engine
speeds. .
A similar difficulty occurs with the type of
spark advance mechanism in which the advance
is pneumatically controlled and the centrifugal
weights omitted. In this case also while it is
possible by proper adjustment of the orifices and
the retarding spring tension to duplicate the de-
sirable full load advance the road load advance
is, however, more difficult and for some engines
virtually impossible to fit on the desirable road
load advance. Thus, if the road load advance
curve is made to coincide with the ideal advance
at low speeds it will be over advanced at high
speeds and if it fits the curve at high speeds
it will be far under advance at low speeds. While
the curve is made to fit the ideal advance curves
at higher intermediate speeds it may be far under
advanced at speeds higher than the speed at
which the fit is made and under advanced or
over advanced at the lower speeds. In this case
also where the adjustment is made by means of
changes in spring tension the full load advance
may not be attained according to the ideal or
desired curve. The difficulty thus presented by
the automatic spark advance mechanisms which
are in part controlled by the vacuum generated
by the engine arises from the fact that the de-
gree of vacuum which is exerted in the dia-
phragm chamber is excessive at vacuums much
above that which are obtained at full load oper-
ations. Thus, full load vacuums rarely reach
above 2 to 6 inches at speeds up to about 3400
R, P. M. or higher. In this range of vacuum
the retarding spring can be adjusted to give the
desired full load advance, but since at part
throttle operation the vacuums existing at the
orifices are far above this degree of vacuum at
higher engine speeds the advance obtalned at
such higher vacuums may be much greater than
is desirable to obtain the ideal spark advance.
In the governor controlled type of operation,
one method employed is to limit the amount of
advance obtained by the vacuum over that which
is obtained by the centrifugal governor so that
any rise In vacuum above a predetermined limit
would not cause any further advance over that
obtained by the centrifugal governor. In other
words, the advance is controlled both by the
governor and by the vacuum up to a certain pre-
determined limit of advance and from then on
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the vacuum is not permitted to further advance
the spark and the sole advance is that controlled
by the governor. In this type of operation so
long as the attained vacuums exist abcve the
predetermined limit, the spark advance proceeds
proportional to -the governor advance unti] the
vacuums start dropping as the throttle becom:s
wider open and then this spark advance flat-
tens out as the vacuums generated drop below
the aforementioned predetermined upper limit.

The result of this type of construction is that
we obtain an over advance at high engine speeds,
although a fit at lower speeds is obtainable.

In the case of the pneumatically actuated types
referred to above in which the full load ad-
vance is also pneumatically controlled, the vacu-
ums exceed the maximum full load vacuums at
relatively low engine speeds, and the advance

obtained at higher engine speeds is excessive,

and beyond that desired because of this excessive
vacuum generated in the diaphragm.chamber.
If the tension of the retarding spring is inereased

a lower spark advance, then the advance ob-
talned at full load, i. e, at wide open throttle
is insufficient.

I have devised a new spark advance mecha-
nism which overcomes the difficulties of the above
two cases. In my co-pending application, Serial
No. 694,461, filed Sept. 3, 1946, T have introduced
a manually operated bleed valve 5o that these
excessive vacuums at any engine speed may be
bled down by a manual control of the valve. In
the present invention I provide an automatic
bleed so controlled that as the spark advance
exceeds that desired by reason of an excessive
vacuum generated in the diaphragm chamber,
the excessive vacuum is lowered by means of a
bleed which reduces the vacuum in the diaphragm
chamber and produces the desired spark advance.
I have obtained this desired end by introduc-

ing into the line connecting the diaphragm cham-.

ber and the alr fuel passageway a bleed valve
which is opened in degree at each position of
the spark advance to produce g vacuum in the
diaphragm chamber just sufficient to overcome
the retarding spring tension at such spark ad-
vance. I obtain this desired end by providing

a cam which is operatively connected to said
_ valve iIn said vacuum line and which cam is

operatively connected to said circuit breaker to
‘open the valve to the proper degree at each posi-
tion of the breaker plate to maintain the breaker
plate in its desired position against the retard-
ing spring tension.

These and other objects of my invention will
be better understood by reference to the draw-
ings, in which:

Fig. 1 is a view partly in section of one form
of distributor according to my invention with
the cap removed:

Fig. 2 is a fragmentary view partly in section
along 3 taken through the valve mechanism;

Fig. 3 iIs a view in part section taken along line

3—3 of the distributor of the spark advarce-

mechanism; :

Pig. 4 is a view showing the use of the dis-
tributors with one type of carburetor construc-
tion. .

Fig, 5 is a chart showineg the relationship of
engine speed. distributor vacuum, and spark ad-
vance employing the distributor of my invention.

The spark advance distributor mechanism of
PFigs. 1 and 3 has a conventional case { in which

“Is mounted the conventional cam shaft 2 which

<

10

is rotated through s conventional connection at
half engine speed and carries the conventional
breaker cam 4. Cam 4 is rotated by shaft 2
which rotates in bearing sleeve 3. The shaft
carries the rotating contact mounting 5 which
carries the usual contact 6§ which makes contact
with the distributor contact 8 mounted in a re-
movable cap 1. A rotatable sleeve 9 is mounted
externally of the sleeve 3 and carries the breaker
plate 10 upon which is mounted the conventional
breaker [l which is connected to the electrical
circuit of the motor in the usual manner. The
breaker plate 10 is adjusted angularly around
the vertical axis of the cam shaft 2 and the cam

5 4 on its sleeve 9 by the rod 12 which is pinned

to the plate 10 in a conventional manner., The
plate [0 has a limit motion stop, composed of

- & hole 11’ through which passes a pin 10’, mount-
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ed on plate (2 angularly adjustable in case |
around the axis of 2. A spring 13’ connected to
the plate and to the pin 10’ may also be provided
in the conventional manner. The rod moves in
a housing 13 attached to the case { and is backed
by a spring 14.

The rod 12 is connected to a diaphragm 1§
which is mounted in a diaphragm chamber 17
which is mounted in a housing {6. The dia-
phragm - chamber 17 is covered by a cover 8
forming an air tight chamber {1. The diaphragm
on its underneath side, that is, the other side
away from chamber (7, is exposed to atmospheric
pressure in the case { and is exposed to vacuum
in chamber (T as further explained. The case
18 is connected by a conduit 19 to the carburetor,
as will be further described. In line i9isa T
20 which is connected to a by-pass line 21 which
is in turn connected to a valve 23 positioned in
the case 1, as is shown in Pigs. 1, 2, and 3. The
valve 28 has a valve seat 24 in which there is a
ball valve 26 operating against a spring 25. The
breaker plate 10 is cut away at 29’ to provide
room for the positioning of a cam 28 having a
cam surface 29 cooperating with the ball valve
26 as further described herein.

The spark advance distributor mechanism is
connected to the carburetor of a spark ignition
engine by means of line 19, as shown more fully
in Fig. 4. The carburetor is composed of the
conventional air intake line 29a, fuel nozzle 31,
and the air passage carries a venturi 32 and
the air fuel line 33 with the throttle 34 connected
to the manifold at 35. A bore 36 is provided at
the vena contracta (throat) of the venturi to
give an orifice 37 at the throat and a bore 38

5 is provided at the throttle to give an orifice

39 positioned with respect to the throttle 34 so
that it is on the carburetor (venturi) side of
the throttle when the throttle is- in idling posi-
tion and on the manifold side of the throttle when
the throttle is in part open position. The bore
38 is connected to bore 36 by a by-pass bore 39*
and the line {9 is connected to the bore 38 and
by-pass 39’ by means of fitting 40. A check
valve 41 mav be provided in the by-pass with a
hall check 42 and a spring 43 so arranged that
the spring holds the ball 42 against the valve
reat 44 when nressure is equalized on both sides
of the ball and the spring is just sufficient to
ho'd the ball against gravity.

The operation of this device will be made
c'ear by reference to the drawing Fig. 5. For
purposes of clarification the action of the device
may be considered as if a valve has been placed
in line 21 and completely closed; in other words,
to make the bleed through valve 23 ineffective.
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With the throttle wide open at full load the
vacuum generated in chamber 171 at various en-
gine speeds is given by line A, showing that at
speeds of about 600 R. P. M. the vacuum is zero,
i. e., the pressure in chamber 1 is atmospheric.
As engine speed increases the vacuum in cham-
ber 11 rises substantially in a straight line with
engine speed until a vacuum (difference between
atmospheric pressure and pressure in chamber
17) of about 3’’ is obtained at a speed of 3400
R. P. M.

The spring tension of spring (4 gives the full
load advance as shown in curve B from an
initial setting of 5°, rising to 37° at 3400 R. P. M.
corresponding to 3’/ vacuum.

Curve C gives the vacuum generated in cham-
ber {1 with no bleed at road load from engine
speeds of 400 R. P. M. to 3400 R. P. M. Starting
at low speeds of 400 R. P. M,, the vacuum in
the diaphragm chamber 17 is zero (pressure equal
atmospheric) and with the throttie opening at
the carburetor side of the throttle.

As the throttle is opened wider, the orifice 39
being on the manifold side of the throttle 34,
vacuum starts to climb as speed is increased
and throttle is opened wider and wider. Pressure
at the orifice 31 is greater than at the orifice 39
and the valve 42 remains open and the vacuum
in IT starts to climb along curve C. The rise
of vacuum with increase of speed, however, is not
as sharp as would have occurred had no orifice
371 been provided. The valve #2 being opened,
the pressure being greater at 37 than at 39,
part bleed occurs through orifice 37 causing the
pressure to rise more slowly along curve C than
would be the case if no Venturi orifice 37 had
been provided.

It will be observed that at a speed of about
1200 R. P. M. the vacuum in the diaphragm
chamber 17 is that attained at full load oper-
ation with wide open throttle at 3400 R. P. M.
Under full load operation with wide open throt-
tle the pressure at the Venturi orifice 37 is ac~
tually less than at the throttle orifice 3% due
to the effect of the venturi and valve 42 is
closed under full load operation and the vacuum
generated in chamber 17 is only that attained at
orifice 31. As the throttle under road load con-
ditions is opened wider and speed increases vac-
uum climbs continually along curve C. Due to
the part throttle position at part load the vac-
uum at road load for equal speeds is higher than
at full load.

The advance obtained as a result of this vac-
uum is shown in curve D. It will be observed that
due to the closing of the valve 42 at full load
and the resulting lower vacuum at equal speed,
the spark is part retarded at full load. An ad-
vance of 50° is obtained when engine speed of
2000 R. P. M. at road load is obtained and =a
vacuum of 8.7"’ is obtained. This advance is not
exceeded notwithstanding the further increase
in vacuum at higher speeds since the bracket
12’ has been adjusted to bring the pin {{’ against
the wall of the opening 10’ when this degree of
advance is obtained.

The ball check valve 41 mayv be omitted as
the overation will be substantially as above, but
the absolute magnitude of the resulting vacuum
will be different and the orifices and/or the
tension retarding spring {4 will need to be ad-
Justed to give the desired full load advance and
road load advance.

Curve E glves the advance for this particular
engine attained under the same road load con-
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ditions but with manual setting of the advance
to give the ideal or optimum advance at each
engine speed. It will be observed that the ad-
vance obtained with the bleed closed is excessive
throughout the whole range of engine speeds
from about 600 R. P. M. to 3400 R. P. M. From
600 to 1200 R. P. M. the over advance does not
exceed 2° and therefore may be -ignored. How-
ever, in the range between 1200 R. P. M. and
3400 R. P. M., particularly between 1200 R. P. M.
and about 2800 R. P. M., the advance is exces-
sive.

The effect of the automatic bleed will be ap-
parent by reference to curves D and E. Cam 28
is positioned upon the breaker plate so that it
first comes in contact with the ball 26 when
the advance has reached 38°. In this position the
vacoum in the chamber 7 is equal to 3’’. In
other words, the cam does not actuate the valve
at vacuums under 3’’ and therefore the cam has
no effect upon the full load advance which fol-
lows the ideal advance curve B. In this region
the advance obtained at road load is that along
curve D; in other words, the advance obtained
with this condition of the system is in the branch
of D—I1 to D—2.

When the breaker plate has rotated to this
degree the cam contacts the valve and any fur-
ther increase in vacuum in chamber 1T due to
increase in engine speed proceeds along the
curve F {rom 1200 to 3400 R. P. M. as the cam
rides over the ball and bleeds the chamber down
to the vacuum corresponding to that of curve ¥
instead of curve C until the speeds of 2400
R. P. M. is obtained when the valve 26 becomes
closed and the vacuum generated in chamber 17
is that which is obtained with no bleed. The
cam surface is so designed that at any position
of the breaker plate corresponding to an advance
given on curve E, the value is opened to bleed
down the vacuum from the corresponding value
given on curve E to the corresponding value
on curve F. The degree of opening of the ball
26 caused by the cam 28 creates a bleed equiva-
lent to the difference between the curve C and
curve ¥ at each engine speed, i. e., at each de-
gree of breaker cam rotation.

As a result of this bleed the advance pro-
ceeds along the branch D—1{, D-—2 and in the
interval between 1200 and 1400 R. P. M. along the
branch D—I—D—3, until it intercepts the curve
E and from 1400 to 3400 R. P. M. will proceed
along curve E.

In order to establish the nature of the cam
surface for any engine design and vacuum line
system, I may establish the curve D and curve E
as well as the curve C by appropriate measure-
ments and engine operation. The curve ¥ (. e,
the vacuum in {T at each engine speed necessary
to establish curve E) is obtained directly from
curves C and D. The degree of the opening of
the valve necessary for each engine speed and
degree of desirable spark advance (curve E) is
then determined by the difference between the
curves C and F. Prom this difference the cam
surface necessary to give the valve opening to
give this degree of bleed may be determined.

The charts illustrate a specific application to
a specific condition and engine operation, but
they illustrate the principle whereby the cam
surface and the valve may he designed to give
the desired road load and full load advance.
Thus, the values of the vacuums and advance, as
a function of engine speed and the degree of

75 bleed, will change with variation in engine de-
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sign and their values at road load will change
as the throttle setting and speed and load chosen
as representing road load change. However, the
nature of the cam surface and the valve to give
the desired degree of bleed, required to give any
chosen advance at the load chosen as represent-
ing road load, will be obtained by the applica-
tion of the principles explained in connection
with the specific examples described above.

While I have described a particular embodi-
ment of my invention for the purpose of illus-
tration, it should be understood that various
modifications and adaptations thereof may be
made within the spirit of the invention as set
forth in the appended claims.

I claim:

1. An automatic spark advance mechanism for
spark ignition engines, which comprises a ro-
tatably mounted breaker cam, a cam shaft for
rotating said breaker cam, a circuit breaker in
operative association with said breaker cam, a
mounting for said circuit breaker, said mounting
being angularly adjustable about said cam, a
pneumatically operated power means including
an air tight chamber, a diaphragm in said cham-
ber, a rod connecting said diaphragm to said
mounting, a conduit connected to said chamber,
a bleed line connected to said chamber, a valve
in said bleed line, and means for regulating the
opening of said valve responsive to the angular
position of said circuit breaker around said
breaker cam, said means comprising a second
cam operatively connected, for motion, to said
mounting. B

2. An automatic spark advance mechanism for
spark ignition engines, which comprises a ro-
tatably mounted breaker cam, a cam shaft for
rotation of said breaker cam, a circuit breaker
in operative association with said breaker eam,
a mounting for said circuit breaker, said mount-
ing being angularly adjustable about said cam,
a pneumatically operated power means includ-
ing an air tight chamber, a diaphragm in said
chamber and a rod connecting said diaphragm
to said mounting, a conduit connected to said
chamber, a bleed by-pass line connected to said
chamber, a valve in said bleed by-pass line, and
a cam positioned on said circuit breaker mount-
ing and in operative association with said valve
to open said valve in a predetermined relation to
the angular position of sald eircuit breaker around
sald breaker cam.

3. An automatic spark advance mechanism,
comprising & case open to atmospheric pressure,

‘a cam shaft rotatably mounted in said case, a

breaker cam mounted for rotation by said shaft,
a circuit breaker operatively associated with said
breaker cam, a mounting for said circuit breaker,
said mounting being adjustable about sald breaker
cam, & diaphragm chamber, a diaphragm in said
chamber, the chamber on one side of said dia-
phragm being open to said case, the chamber
on the other side of said diaphragm being air
tight, a rod connecting said diaphragm to said
cirenit breaker mounting, a conduit connected
to said chamber at its air tight side, a by-pass
conduit connected to said first mentioned cham-
ber, & valve mounted in said case, sald valve be-
ing positioned in said by-pass conduit, and a
valve opening means comprising a cam mounted
on said mounting in operative association with
sald valve to open said valve.

4. An automatic spark advance mechanism,

10

156

20

25

30

kS

<

45

50

70

10

comprising a case open to atmospheric pressure,
a cam shaft rotatably mounted in said case, a
breaker cam mounted for rotation by said shaft,
a circuit breaker operatively associated with said
breaker cam, a mounting for said circuit breaker,
said mounting being adjustable about said breaker
cam, a diaphragm chamber, a diaphragm in said
chamber, the chamber on one side of said dia-
phragm bheing open to said case, the chamber
on the other side of said diaphragm being air
tight, a rod connecting said diaphragm to said
circuit breaker mounting, a conduit connected to
said chamber, a by-pass conduit connected to
said air tight chamber, a valve mounted in said
case, said valve positioned in said by-pass con-
duit, said valve comprising a valve housing, a
ball valve, a valve seat, a valve retaining spring,
said ball valve projecting below said seat, a valve
opening means comprising a second cam mounted
on said mounting in operative association with
said valve.

5. An automatic spark advance mechanism,
comprising a case open to atmospheric pressure,
a cam shaft rotatably mounted in said case, a
breaker cam mounted for rotation by said shaft,
a circuit breaker operatively associated with said
breaker cam, a mounting for said circuit breaker,
said mounting being adjustable about said breaker
cam, a diaphragm chamber, a diaphragm in said
chamber, the chamber on one side of said dia-
phragm being open to said case, the chamber on
the other side of said diaphragm being air tight,
a rod connecting said diaphragm to said circuit
breaker mounting, a conduit connected to said
chamber at its air tight side, a by-pass conduit
connected to said chamber at its air tight side,
a valve mounted in said case, said valve positioned
in said by-pass conduit, said valve comprising
a valve housing, a ball valve, a valve seat, a

‘valve retaining spring, said ball valve projecting

below said seat, a valve opening mearns compris-
ing a second cam mounted on said mounting,
said second cam bearing against said ball during
the motion of said second cam with said mount-
ing upon adjustment of said mounting about
said second cam on motion of said diaphragm.

6. An automatic spark advance mechanism for
spark ignition engines, which comprises a rotat-
ably mounted breaker cam, a cam shaft for ro-
tating said breaker cam, a circuit breaker in
operative association with said breaker cam, a
mounting for sald circuit breaker, said mounting
being angularly adjustable about said cam, a
pneumatically operated power means, a pneu-
matic pressure line connected to said power
means, an operative connection between said
power means and said mounting, said connection
being operative to adjust the mounting and said
circuit breaker about said cam, a bleed line con-
nected to said pneumatic pressure line, a valve
in said bleed line, and means for regulating the
opening of sald valve responsive to the angular
position of said circuit breaker about said cam.

WILLIAM OSTLING.
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