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This-invention relates to: means for starting
internal combustion-engines and more particu-
larly. to-a new and novel construction thereof
tending to. simplify, render: more efficient and
improve the same generally.

Heretofore different systems and means have
been proposzed, by which the engine cylinders are
temporarily set in. communication with the at-
mosphere to-prevent. that pressure be built in
them during the compression stroke; which pres-
sure unduly opposes the rotation of the engine
while: starting.. “However in.- these heretofore
known. structures the absence of compression at
the' firing point -renders the firing itself very
uncertam and prevents the picking up of -the
engine,

[ has also been proposed in ‘prior art struc-
tures, to provide the engine with means to open
communication. between the cylinders and the
atmosphere,.and with a heavy flywheel. -To start

stich an engine it is'necessary to crank it rapidly

to -store energy -in-the ‘flywheel; then close the

“eylinders and rely on the energy stored in:the
Alywheel to overcome:the compression and rotate

the engine at a speed sufficient for starting. This
system:involves heavy and cumbersome parts, as
well ‘as-skillin the operator to choose the proper
time at which to stop cranking and restore com-
pression in the cylinders.

.. Other meang are:also known, for startxng en-

gines, which do not-affect the regular-compres-

sion’ in.the cylinders  undergoing  compression

stroke, or even increase it,.and waste considerable

‘enérgy: in overcoming: said compression in -the

earlier bart of the starting action."

“Toavoid these -objectiohs my invention pro-
vides means'for automatically relieving compres-
gion from all or part of the engine cylinders at
the beginning of the starting actionh; means for
automatically restoring compression in the cylin-
ders as soon as the engine speed is sufficient for

normal operation, and means for turning the

engine through the whole starting pericd with-
out having. to rely on the energy-stored in the
rotating parts to overcome compression.
“Another chject of my invention is the provision
of 2 simple single valve which is mounted on the
cylinders; does not- affect the volume nor the
shape of the combustion. chamber, and is active

in introducing compressed fiuid in- the cylinder
-during’ its poweér stroke to turn the engine, in

pximimr the cylinder;-and in setting the cylinder
dntcomimunication with the atmosphere - during

 the compression stroke fo release compression at

the earlier stage of the 'starting-action. -

© My invention moreover contemplates the auto-
: proportioning of the priming mixtiure, the
lubrication of the moving parts, the careful “uti-
lizationof ‘the "compressed - air, and’ other im-
provements ‘and  novel: details of. construction

(Cl 60——-—16)

Whl-Jh will be more appa,lent as this description
proceeds.

For the purpose of setting forth a clear de-
scription and understanding of my invention, I
have shown the preferred general arrangement
thereof in eonnection with a tweélve cylinder, four
cycle, internal combustion engine, it being clearly
understood ‘that the said invention can be em-
ployed with facility in connection with any multi-
cylinder internal combustion engine of any type,
by a rearrangement that anyone skilled in the
art can devise, and can be applied to all-or part
of the engine-cylinders.

Furthermore it should be under <tood that
while in the accompanying drawings and de-
scription, distributing means are represented-as
rotary distributors, poppet valves and ball valves,
any other means capaole of performing the same
operation are considered as coming within the
scope- of this invention; this also applies- to
vaporizing means, nogzles, springs, ports, con-
duits, diaphragms and other details shown in the
instant embodiment of my mventlon 111u<=trated
herein,

Many details pertaining :to the. combwnatmn of
the engine, starter, and other accessories being
already known in the art, have been represented
only in diagrammeatical fonn while a full dis-
closure has been:made of the new means and
arrangements -forming. the .particular subject
matter of my invention. g

In the accompanying drawings: ‘

Figure 1.i5-a view showing the general arrange-
ment of a starting means constructed in accord-
ance with my-invention, the structure being illus-
trated semi-diagrammatically fo‘ the purpose of
clearness;

Figure 2 is an orgamzotlon view showing more
indetail and in sectlon uomp of the parts 1nd1cated
in Figure 1;

Figure 3-is-a semi- dlagra,mm tical view of the
preferred ‘form of distributor; showing -the ar-
rangement and location of the ports;

Figure 4 is a front eleva,tron of the stationary
distributor; :

Figures 5 and 6 are sectional views through-the
preferred: form: of rotary distribufor, taken sub-
stantially along’ lines 5—5 and 6-—6 respectively
of Figure 3;

Figure 7 is an elevatlon view of said rotary
distributor;

Figures 8 and 9 are sectional views through said
rotary distributor taken substantially along hneu
8—8and 9—9 of Figure 5;

‘Figure 10 is & semi-diagrammatical view of a
modified form. of distributor, showing the ar-
rangement and location of the ports;

‘Figure 11 is'a sectional view through said modi-
fied form of rotary -distributor taken: substan-
tially along line 11—11 of Figure 10;
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Figure 12 is a sectional view through said modi-
fied form of rotary distributor taken substantially
along line 12—12 of Figure 11.

Referring now more especially tothe drawings,
wherein like reference characters indicate corre-
sponding elements throughout the several fig-
ures, and more particularly to Figure 1, it will'he
noted that reference character 1 indicates .a
twelve cylinder engine, of which orly 6-cylinders
are shown, the other 6 cylinders being arranged
and conhected in a similar way; -2 indicates -an
engine cylinder, each cylinder being provided
with a cylinder valve 3; 4 and 5 are pipes con-
necting the cylinder valves 3 to the distributar 6,
which in turn is connected through the main
pipe 7 and starting valve -8 to ‘the reservoir 9.
The pipes 10 and 11 connect the distribubor with
the mixing chamber 12 which is supplied ‘with
fuel by the line 13; 80 is a pressure regulator:in-
serted between the reservoir and the distributor.

In Figure 2, the numersal 14 indicates a shaft
driven in time with the engine and provided with
a screw driver slot 83 which provides a slidable
but nonrotatable connection with the short shaft
or-disc 15, which in turn drives in a-similar man-
ner through slot 84 the shaft 16 .of the rotary
distributor -43; 17 :and 18 are oil leads through
the shaft 16 and the rotary distributor 43.

~ Numeral 19-indicates the distributor casing which
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is kept segted by spring 61.
cates a flexible diaphragm or sylphon ~which is

is ‘preferably fastened to the-engine and provides
a fluid chamber 20 to which fluid under pressure
is'supplied from port 7; 21 is'a:check valve which
allows the flow of oil from any suitable source
to port 22 and bearing 23, but prevents the
escape of fluid in opposite direction; 24 is-another
oil port leading to valve 25, which allows -a slow
flow -of fluid such as normally draining from the
‘bearing, but -closes as soon as the flow tends ‘to
increase and is sufficient to lift the valve ball to
its seat; 26 is a similar oil port.and 27 a similar
valve “which collaborate in 2 similar way to
allow drainage of oil and -prevent-escape of fluid
under pressure from chamber 20 to port 28.
Numeral 12 indicates a mixing chaiber "body,
to which fluid under pressure is:supplied through
port 10, as will hereinafter more :fully ‘he de-
scribed; a threaded part 29 screwed in:said body
and checked by nut 30, carries :a thermostat
body 31, to which -a valve 32 is fastened; .said

‘valve, according to the regulation:of the:threaded

part 29 and the temperature of the thermostat 31
will direct the flow from the port 18 to wort 33,
which is'communicating with the :atmosphere, or

‘to mixing chamber 34. Another threaded -part

35 is assembled to the hottom of the mixing

chamber, 36 being a check nut; fastened to said
‘threaded part 35 preferably by:solder,:are:the:disc

37 and the hollow thermostat 38 and the:disc .29
golid ‘with nozzle 40, which is provided wifh a
nort 41 for the passage of fuel. A valve-42 con-

wnected ‘to any suitable source -of fluid, allows the
‘flow ‘of said fuel to chamber 34 and prevents its
-escape under pressure.

Branching from -port
10 is port 76, normally closed by ball 77, which

7 istheld -against ‘its ‘seat:at a predefermined pres-

gsure by spring 78; the tension of :said spring

cen be regulated by means-of the threaded plug

79, ‘which is drilled to allow escape of fluid.
Numeral 3 indicates a cylinder valve assembly;

v 83 .and 5 indicate ports which can be connected

to stationary distributor 8, -and 59 :indicates the
cylinder valve body in which the poppet valve 60
MNumeral ‘62 indi-

assembled to the body 59 iin afluid~tight manner
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by means of a threaded tubular part 63; a plug
or cover 64 completes the chamber 65 which com-
municates with port 5. 'Numeral 80 again indi-
cates the pressure regulator which in the form
illustrated consists of a casing 90 solid for in-
stance with the crankcase 1. A flexible dia-
phragm 91, provided with a port 92 a valve 93 and
a sleeve 94, responds to the pressure inside said

-casing 90 and brings said valve 93 against valve

seat 95 when a predetermined pressure is at-

‘tained insseid casing; this stops the flow of fluid,

so that .a constant pressure is maintained in
casing 90.

‘Referring now to Figure 3, which is a semi-
diagrammadtical view of the rotary distributor 43
and the stationary distributor 6, the ports which
set :communication from one side to the .other
of the rotary distributor -are indicated in .full
line and cross-etched; the ports which would be
in sight on the stationary distributor if the rotary
distributor were removed -are indicated in full
tine; -and the ports .or grooves which are open
on the surface.of contact hetween the rotary and
stationary distributor, and 'the "ports 'inside :of
the rotary distributor, are indicated in dotted
lines.

A better understanding:of Figure 3 can be had
if Pigures-4 t0.9 :are:considered at the same time.
The numersal -4 iindicates ports in :communica-
tion with 6 of ‘the engine :cylinders through the
corresponding valves 3; port 44 sets communi-
cation ‘between wchamber 20 .and each of said
ports 4 when the corresponding cylinder is un-
dergoing power stroke, with the result that the
engine is turned if there is sufficient :pressure in
chamber 29, as already known 1o the :art.

Six ports 5 are equally spaced on & circle M
in the stationary -distributor and each one is-in
‘radial alignment with:a port 4 and in :commurni-
cation with the same valve 3 :to *which 'said port
4 is-connected; a port 45 provided ‘in ‘the rotary
distributor -on the same circle M séts communi-
-cation between chamber 20 :and each of said
ports 5 about at the beginning -of the -intake
‘stroke in ‘the corresponding -cylinder, and :an-
other port 46 performs .the same function during
‘the compression stroke. Six :more "ports 5 are
eaually spaced on a smaller circle N in the sta-
tionary distributor, and connected to ‘the -other
six valves 3 which -do ‘not have :any port 4 con-
‘nection: a port 82 on ‘the same :circle ;N in the
‘rotary distributor sets .communication hetwesn
chamiber 20 and -easch of ‘these last mentioned
ports 5 when the corresponding ccylinder is-about
‘gt the beginning .of the compression stroke; 47
indicates a port in the rotary -distributor, so
‘located on circle M -as to wregister with each of
the six ports 5 of ‘the same :¢ircle M when the
corresponding -cylinder is about at the end of the
intake stroke; ‘a ball 48 checks communication
‘between port 47 and port 49 which :is ‘carried
inside the rotary distributor to .connect with the
cireular groove 50; said grocve has a radial ex-
tension 51 timed ‘to register with each of the 12
ports 5 when the corresponding cylinder is un-
dergoing power -stroke; ‘groove 50 is at all times
in .communication with port 10 leading to the
mixing chamber through the stationary -dis-
‘tributor.

Port 11 leads from the mixing chamber c«n-

trally through the stationary distributor and is =

in continuous communication with ‘the axial port
52 and the radial port 53 carried inside the ro-
tary distributor to groove :54; said -groove 54 is
-extended $o register at the :same time with sev-
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eral ports 4 leading to cylinders undergoing in-
take and cylinders undergoing compression.

Referring now also to Figure 7, 55 indicates a
heavy valve so shaped and proportioned as to
close only part of port 44 when lowered against
tension of spring 56; 57 indicates two links con-
necting said valve 55 to hinge 58, which is solid
with rotary distributor 43; 72 is a weight carried
at the end of member 73, which is so shaped as to
close port 46 when rotated around hinge 75
against tensicn of spring 74.

It will be nuted that in the present embodiment
all of the twelve cylinder valvés 3 are conuected
to the distributor by ports 5, but only six of said
valves have also a connection 4 between port 83
and the distributor, while the other six communi-
cate directly with the atmosphere through
port 83.

In Figure 10, which shows an alternste form of
rotary distributor, groove 6§ is o timed as to
register with ports 4 when the corresponding cyl~
inders undergo compression; 67 is a port internal
to the rotary distributor and setting communica-
tion between groove 66 and groove 68, which is
timed to register with ports 4 when the corre-
sponding cylinders undergo exhaust.

Figure 11 is g sectional view of the rotary dis-
tributor taken substantially along line 11-——11 of
Figure 10. A pressure regulator 70 ig fastened to
the rotary distributor and-sets communication
between charhber 20 and port 45; a similor pres-
sure regulator 71, shown in Figure 7, sets com-
munication- between chamber - 20 and port 82.
Said regulators 70 and 71 may be of any suitable
construction known in the art, as shown for in-
stance for regulator 80 in Figure 2.

Tt will be noted that in the present specifica~
tions and drawings, the intake, compression,
power and-exhaust cycles are represented as be-
ing completed each during 180° of rotation of the
crankshaft of the engine, or during 90° of rota-
tion of the rotary distributor, which in this em-
bediment turns at half crankshaft speed. How-
ever in practice such angles are different, aceord-
ing to the particular timing of each engine and
the engine type; ‘the rearrangemient and timing
of the distributer ports in accordance with -the
engine timing, is a simple matter and can be per-
formed easily by anyone skilled in the art, ac-
cording to my invention as herein described.

To turn the engine the valve § is shown open by
the operator, so that compressed fiuid con flow
from reservoir 9 through pipe 7 and pressure reg-
ulator 80 to chamber 20 of the distributor; the
pressure regulator can be of any suitable kind
known to the art, and is active in holding the
pressure in chamber 20.down to a predetermined
value, as long as the pressure in the reservoir is
higher than said value.

It will be noted that in prior art it has been
customary to let full reservoir pressure act in the
cylinders’ through the distributor, trusting that
the pistons would rapidly move away and 0 pre-
vent any damage due to excessive pressure in the
cylinders; however such practice involves consid-
erable waste of fluid as long as the pressure in the
reservoir is higher than necessary to turn the
engine at the minimum speed necessary to start
in the worse conditions.
have g pressure regulator that will allow in cham-
ber 20 a pressure slightly above the minimum
pressure necessary for a sure start in the worse
conditions; such pressure is in dependence of sev-
eral elements and is preferably determined by
experiment. In some cases, as for instance when

Therefore T prefer to.

3

a constant pressure fluid source is used, the pres-

- sure regulator may be omitted.

From chamber 20 the fluid passes through ports
44 and 4 and valve 3 to one or mors cylinders that
in regular running would be undergoing power
stroke, exerts its pressure on the pistons and com-
pels the engine to turn. "It will be noted that
while a-slot or opening of constant seciion has
heretofore been used in the rotary distributor to
deliver fluid to the cylinders, I provide a' siot
which allows free flow of fluid to the cylinders at
the beginning of the power stroke, and reduces
such flow as the power stroke progresses; by this
I attain the result of delivering a powerful charge
of pressure fiuid to the cylinder at the beginning
of the power stroke, and then let said charge ex-
pand in the cylinder during said stroke develop-
ing power and bes exhausted at a very reduced
pressure. It will be noted that the flow reducing
effect of the restricted part of port 44 is falt more
when the engine is rotating fast, than at the be-
ginning of the starting action, when fluid has
time to-flow and build full pressure in the cylin-
der-even through a restricted port; this action
is advantageous as more power is required at the
beginning of the starting action to turn the en-
gine; however it would be difficult to propertion
port 44 in such a way as to attain the best resuit
for economy and power, and therefore I provide
a valve 55 which closes pait of port 44 only after
the starting action has begun and the engine is
turning at such a speed that the centrifugal force
holds valve 55 against port 44; the shape of port
44, the weight of valve 55, and the fensioch of
spring 56 can bs so proportioned as to give full
vower at the beginning of the starting action and
then use only enough compressed fAuid to turn the
engine at the minimum speed necessary for a
start in the worse conditions.

From chamber 20 another stream of fluid passes 1

through the pressure regulator 7¢ and port 45 to
a port 5, and finally builds pressure in chamber
65 of valve 3 connected to a cylinder which at
the time is undergoing intake stroke; the regu-
lator 70 is set to deliver to chamber 65 sufficient
pressure to deflect diaphragm 62 which engages
the stem of valve 606 -and opens said valve to
set communication batween the cylinder and port
4; as the engine turns the digtributor cuts off

communication befween chamber 20 and port 5, 1

and some compressed fluid is trapped in chamber
65 and port 5; after the intake of the cylinder
we are considering has progressed, port 47 comes
to register with the corresponding port 5 of the
stationary distributor:-and it will be geen that
the back flow of trapped Auid from port 5 thrcugh
port 47 and 49 to groove 50 is controlied by valve
43 which is held agdinst its seat by spring 81;
said spring is.so proportioned that it will yield to
the centrifugal force developed by ball 48 when

o predetermined velocity of rofation is reached,

T
in

and then the fiuid trapped port 5 will expand
through groove- 50 and port 10 to the mixing

chamber 12, which will be later described in de-

tail; suffice now to say that as a result a mixture 4

1

e

g0

100

105

110

90

Y
]
o

130

under pressure will be delivered {rom the mixing

chamber through port L1.

Reverting to the distributor it will be seen that
as long as the speed of rotation is low valve 48
prevents the escape of fluid irom port 5 and chs
ber 65, and therefore valve 60 remsins o
through the compression strocke with the result
that at low speed the engine cylinder undergoing
compression is in communication with port 4 and
the fluid present in the cylinder instead of being
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compressed escapes through port 4 to groove 54
which, as already said, is always in communica-
tion also with at least one of the ports 4 leading
to a cylinder undergoing intake stroke; we have
seen that valve 60 of said intake stroke cylinder
is open, and the gases coming from the compres-
sion cylinder can rush past it, fill the suction
cylinder and eventually escape to the atmosphere
through the intake valve which is open during
the intake stroke. However, when the speed of
rotation attains a predetermined value, sufficient
for regular running of the engine, valve 48 allows
the fluid to escape from port 5 and chamber
65, so that valve 60 closes when the compression
stroke is about to begin, with the result that the
charge inside the corresponding cylinder is com-
pressed in the regular way and can be easily
ignited.

The compressed fiuid which through port 82 is
made active in chamber 65 of the six valves 3
which do not have any port 4 connection, holds
said valves open to the atmosphere until port
51 releases the pressure from port 5 correspond-~
ing to each valve 3; therefore no compression
takes place in the corresponding cylinders as long
as there is sufficient pressure in chamber 20 to
defiect diaphragm 62 and open valve 60.

The pressure regulators 70 and 71, of any suit-
able kind known to the art, allow in all ports 5
only encugh pressure to operate the diaphragms
62 and later perform a priming action, and 50
avoid waste of fluid as well as facilitate the pro-
portioning of the priming mixture.

When the engine is being started and the speed
of rotation of distributor 43 increases, ball 48
has an increasing tendency to cpen communica-
tion between port 47 and port 49 under the in-
fluence of centrifugal force and against the joint
action of spring 81 and of the pressure communi-
cated to the spring chamber by the ports 5 in
which fluid is trapped; at a certain moment the
centrifugal force attains such value that it slight-
1y unseats ball 48 and this is sufficient to allow the
escape through port 49 of fluid trapped in port
47 and the spring chamber during the time that
port 47 is travelling between a port 5 and the
next one; the action of pressure back of ball 48
being so eliminated, the centrifugal force sud-
denly unseats the ball, and when port 47 comes
to register with the next port 5 the fluid trapped
in said port 5 escapes through port 49 without
acting on ball 48; this action insures that as
long as the predetermined speed of rotation is
not attained, the compression in the cylinders is
completely released to speed up the engine; and
as soon as said predetermined speed of rotation
is attained, full compression is suddenly rein-
stated in the engine cylinders with the result of
easy firing and powerful combustion, without
losing time and energy in a period of transition
during which the compression in the cylinders
would not be sufficient for a good combustion.
This arrangement is particularly advantageous
in engines of the Diesel type, in which the igni-
tion is dependent entirely on compression.

The funection of port 46 will now be explained;
at the beginning of the intake stroke of some of
the eylinders, the corresponding valve 3 recsives
g fluid charge that holds it open for compression
release through the compression stroke. The
valves 38 of such cylinders which had passed
the beginning of the intake when the engine
last stopped, but did not reach the power
stroke, would therefore not receive the fluid
charge and the corresponding cylinders would

1,971,767

be subject to compression at the beginning of the
starting action, and would oppose the rotation of
the engine right when the engine is harder to
rotate for other reasons; to avoid this I provide
in the rotary distributor a smail port 46 which
renders the compression releasing means active
during the compression stroke, by setting com-~
munication between chamber 20 and port 5.
As the action of port 46 is desirable only at the
very beginning of the starting action, I provide
a valve 73 which closes said port 46 as soon as
the centrifugal force acting on weight 72 is sui-
ficient to overcome the tension of spring 74; the
different parts are preferably so proportioned
that valve 73 will close port 46 before ball 48 is
unseated.

Port 46 is made preferably so small that it will
allow sufficient flow of fiuid ta operate valve 3 at
very low speed of the rotary distributor, but insui-
ficient flow to operate valve 3 at higher speeds;
so that should valve 73 be out of order, the com-
pression in the cylinders would still finally be
allowed and the engine would be started with the
only disadvantage of waste of fluid and a priming
not perfectly proportioned owing to the excess
of fluid provided to ports 5 through port 46
and delivered to the mixing chamber through
port 51.

Port 51 releases from all ports 5 whatever com-
pressed fluid is trapped in them, preferably after
the beginning of the power stroke, so that the
main flow of fluid coming through port 44 to
act on the pistons and turn the engine finds the
valve 60 unseated at the beginning of the power
stroke, which is advantageous for the same rea-
sons for which the action of valve 55 is provided.

Port 50 collects fluid from ports 49 and 51 and
delivers it to port 10.

Communicating with port 10 is port 76, nor-
mally closed by ball 77, which is held on its seat
by spring 78; the function of this vave is to re-
duce the pressure in line 10 to whatever constant
value is found more convenient for the priming
purposes for which the fluid passing through
port 10 is to be used; said pressure value de-
pends on the volume of ports 4 and 5, on the
characteristics of the engine and on other ele-
ments, and is best determined by experiment.

A valve 32 controlled by thermostat 31 may
or may not, according to conditions, release to
the atmosphere some of the fluid from port 10
to reduce the priming, and may even close com-
munication between port 10 and chamber 54
when the engine and the atmosphere are so
warm that no priming is necessary; the best ad-
justment for this valve is also preferably de-
termined by experiment.

Chamber 34 is supplied with fuel through line
13 and valve 42 from any convenient source, and
is normally supplied with fluid from port 10.

As the fluid rushes from chamber 34 to port
11 a mixture with fuel is formed with the col-
laboration of nozzle 40, which is controlled by
thermostat 38 and gives a richer mixture when
said thermostat is cold and contracted than when
it is warmer and expanded, as it is apparent
from the drawings to those gkilled in the art, said
action being in accordance with the needs of
the engine. The adjustment of plug 35 which
supports the thermostat and the nozzle, is also
to be determined by experiment.

Through port 11 the priming mixture is led to
port 52 of the rotary distributor, which is always
in communication with port 11, and through
port 53 reaches port 54 which registers with a
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number of ports:4; some of these ports 4 corre-
spond to cylinders undergoing. compression, and
some to cylinders undergoing intake. Before
the speed of the engine is sufficient to lift ball
48, as already described, all said ports 4 are in
open communication with the corresponding cyl-
inders, and a flow of fluid discharges from the cyl-
inders undergoing compression into the cylinders
undergoing intake; the priming mixture coming
from port 11 mixes with said flow of fluid and

enters the cylinder undergoing intake; whatever-

excess of fluid there is, escapes. from the intake
valve of the cylinder into the manifold, if any, and
eventually into the atmosphere.

It will be seen that in this way the manifold
or the ports from which the cylinders will later
draw their charge are filled with a rich mix-
ture which may even settle as a liquid deposit on
the walls of said ports and will help the engine
to continue operation after starting means have
been rendered inoperative. -

Even after the: compression is restored in the
cylinders by the action of valve 48, and com-
munication between the . cylinders undergoing
compression: and .ports 4 is cut off, communi-
cation between ports 4. and the cylinders under-
going intake is still open, and the priming takes
place in the usual manner as long as there is
pressure in chamber 20, or as long as the opera-
tor keeps the starting valve. open.

By the arrangement of ports shown in PFigure
10, at the beginning of the starting action six
of the cylinders are directly set in communica-
tion with the atmosphere through port 83 of
their own valve 3 during the compression stroke,
and the other six through: ports 83, 4, 66, 67
and 68, which port 68 is timed to communicate

with cylinders undergoing exhaust stroke; the -

arrangement of Figure 10 differs from the ar-
rangement of Figure 3 in that the compression
in the cylinders undergoing compression stroke
is released through the cylinders which are open
to the atmosphere for exhaust in one case, and
for intake in the other; however with the ar-
rangement shown in Figure 10 the fluid coming
from the cylinder undergoing compression must
lift from its seat valve 60 of the cylinder under-
go.ng exhaust, and therefore a little back pres-
sure-is present; all other elements are similar
in both arrangements. o

Having now described the function of the dif-
ferent elements; it will be easier to follow the
cycle of operation for each cylinder, for instance
the one to which the ports 5 and 4 located on
the lower half of the vertical centerline in Figure
3 are connected. Said cylinder-is at dead center

at the beginning of power stroke, and if we con- .

sider the earlier stage of the starting process,
the speed of the rotary distributor has .not yet
been sufficient to lift the ball 48 from its seat;
therefore port 5 and chamber 65 corresponding

to our cylinder are still charged with compressed .
-fluid which keeps valve 60 open. - As the rotary

distributor rotates in the direction of the arrow, .
port 44 registers- with port 4 and a current of .
compressed fluid finds its way into the cylinder
- through port 83 of valve:3, acts on the piston

and speeds up the engine.’: Then groove 51 comes .

to register with port 5, and the air trapped: in

chamber 65 and port 5 escapes through  grooves .

51 and 50 to port .10 and-to the mixing chamber
12; the diaphragin 62:is released but-the valve 60

--is kept open as long as there is a stream of fluid.

coming through ports 44, 4 and 83.

Before the beginning of the exhaust stroke port ‘

5

44 passes beyond port 4, no more compressed
fluid is allowed to the cylinder, and valve 60
closes.

During the exhaust stroke, the exhaust valve
of the engine cylinder opens and discharges the
compressed fluid from the cylinder.

At the beginning of the intake strcke port 45
of the rotary distributor registers with port 5
and compressed fluid filis port 5 and chamber
65 and opens valve 60 again; about at the same
t'me groove 54 registers with port 4 which com-
municates freely with the cylinder through the
open valve 60; in turn the cylinder communicates
freely with the manifold. and the atmosphere
through its open intake valve; so the rich prim-

ing charge coming from.the priming chamber

12 through ports 11 and 53, and the compression
gases coming through ports 4 from the cylinders
undergoing compression and collected by groove

54, can fill the intake cylinder, and the excess

can escape into the atmosphere. About at the
end of the intake ‘stroke port 47 registers with
port 5, but the pressure in port 5 and chamber
65 is not released as ball 48 is tightly seated and
precludes the escape of fluid. As the cylinder
enters the compression stroke, valve 60 is still

open and the gases instead of being compressed

in the cylinder, may escape through port 4 and
groove 54 to.-another cylinder undergoing intake
stroke, and eventuslly to the atmosphere.
During the compression stroke the small ori-
fice 46 passes in front of port 5 without any

.change in the situation, as port 5 and chamber

20.are at the same pressure,

We shall now repeat the eycle supposing the
engine has attained sufficient speed to unseat
ball 48 by centrifugal force.

At the beginning of the power stroke, port
44 registers with port 4 and a powerful untre-
stricted flow of compressed fluid rushes through
4 to.the cylinders; as the stroke proceeds, how-
ever, the flow is hindered by the restricted part
of port 44, or altogether checked by valve 55 which

~closes part of port 44. Groove 51 registers with

port 5 without any result, as port 5 and chamber
65 have already been discharged through port
47 during the intake stroke,

During the exhaust stroke the. compressed

fluid escapes from the cylinder through the ex-

haust valve,
At the. beginning of the intake stroke port

45 registers with port 5 and the fluid charges
-chamber 65 and opens valve 60,

Also groove
54 registers with port 4 and the priming fluid
coming from the priming chamber through ports
11, 53, 54, 4, 83. and the open valve 60, charges
the cylinder. Towards the end of the intake
stroke port 47 registers with port 5 and the-fluid
previously - trapped in.port 5 and chamber 65
escapes past:ball 48 (which is off its seat) through
port 49 and 10 to the priming chamber 12; as
said fluid escapes from chamber 65, valve 60
closes -and compression takes place normally
when the cylinder enters the compression stroke.

The action of the orifice 46 has already been
described as effective only at extremely low speeds
of rotation: of the engine to prevent compres-
sion by opening valve 60 of such cylinders .as
happened to be in intake orf compression stroke
before the engine is started; at the speed usually
attained by the engine in half a turn, the quan-
tity of fluid. which reaches chamber 65 through
orifice 46 and port 5 is preferably msufﬁcmnt to

~open valve 60. )
Referring now to the»form of distributor repre-. 1
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sented in Figure 10, and particularly to the cylin-
der connected to the ports 4 and 5 which in said
figure are on the lower half of the vertical cen-
terline, it will be seen that, at low speed of
rotation, at the beginning of the power stroke
port 44 registers with port 4 and allows com-~
pressed fluid to the cylinder through the open
valve 60; later in the stroke groove 51 registers
with port 5 and releases the trapped fluid from
chamber 65 through ports 5, 51, 50 and 10 to
the priming chamber.

At the beginning of exhaust stroke groove 68
registers with port 4 and the gases coming from
a compression cylinder through the open valve
60, ports 4, 83, 66, 617, 68, 4 and 83 pass into our
cylinder and escape through its open exhaust
valve into the atmosphere.

At the beginning of intake stroke port 45 regis-
ters with port 5 and the fluid charges port 5
and chamber 65 and opens valve 60; groove 69
registers with port 4, and the priming fluid passes
from chamber 12 through ports 11, 53, 69, 4,
83 and the open valve 60 into the cylinder and
eventually into the atmosphere. Port 47 passes
in front of port 5 without results, as ball 48
prevents any transfer of fluid. :

During the compression stroke groove 66 regis-
ters with port 4 with the result that the gases
instead of being compresed in the cylinder escape
through the open valve 60 and ports 4, 83, 66,
67, 68, 83 and 4 to an exhaust cylinder and

“eventually to the atmosphere.

At higher speeds ball 48 is not seated and the
cycle is altered as follows; at the beginning of
power stroke port 44 allows unrestricted flow
of fuid through port 4 and the open valve 60
to the cylinder to turn the engine; but as the
stroke progresses the restriction in port 44 and
the action of valve 55 check said flow of fluid.
Groove 51 passes in front of port 5 without re-
sult, as the fluid has been already discharged
from port 5 and chamber 65. Also without result
groove 68 registers with port 4 during exhaust
stroke, as no gases are fed to groove 68 through
port 67, and valve 60 is closed.

At the beginning of intake- stroke port 45
allows fluid to port 5 and chamber 65, and valve
60 is opened; also port 69 registers with 4 and
priming fluid from chamber 12 charges the cylin-
ders through ports 11, 53, 69, 4, 83 and the open
valve 60.
as port 47 registers with port 5, the fluid trapped

in chamber 65 and port 5 escapes through port

47 past open valve 48, through 48 and 10 to
the priming chamber, allowing valve 60 to close.

So, during the compression stroke, when port
66 registers with port 4, valve 60 is closed and

a regular comprassion takes place.

It will be noted that in both forms of dis-
tributor shown in Figure 3 and Figure 10, the
six ports 5 of the smaller circle N are charged
with fluid through port 82 during the compres-
sion stroke; the result is that valve 60 is opened
and no compression takes place in the corre-
sponding cylinder, as the gases are directly dis-
charged into the atmosphere through port 83.
During the power stroke groove 51 collects the
fluid trapped in said ports 5 and the correspond-
ing chambers 65 and directs it to the priming
chamber 12 through the ports 50 and 10; valve

60 is then free to close.

With reference to the timing of some of the
distributor ports, for instance as shown in Fig-
ure 3, it will be noted that port 45 is active in
opening the valve 60 at the beginning of the

About at the end of intake stroke,
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intake stroke, and groove 51 in allowing said
valve to close about the middle of power stroke:
at low speeds, when valve 48 is closed, this allows
free communication from one cylinder to an-
other (through port 4 and groove 54) during
the whole compression stroke of one cylinder and
the whole intake stroke of the other. In other
words, no compression at all is allowed as the
gases can escape from the cylinder at any time
during compression stroke, and said gases may
escape into other cylinders (or through other
cylinders into the atmosphere) during the whole
intake stroke of said other cylinders, and only
during the intake stroke. While such timing is
preferred, the purpose of the invention would
not be defeated if some of the distributor ports
were timed to be active somewhat earlier or later
in the cycle. If, for instance, groove 51 is active
later in the power stroke, valve 60 is kept open
until said later phase, and the starting air ar-
riving to the eylinder through valve 60 has easier
access to said cylinder for a longer period; for
a shorter period inversely, if groove 51 is timed
to be active earlier during power stroke allowing
the full tension of spring 61 to act to close valve
60. If groove 51 is timed even earlier than the
power stroke, for instance towards the end of
the compression stroke, then valve 60 closes be-
fore the end of the compression stroke and a
slight compression may take place, which will
not necessarily hinder the rotation of the engine
in undue degree. .

In a similar way, if port 45 is timed to be
active during intake stroke, valve 60 will open
later and the passage of gases through groove 54
and port 4 into said cylinder will not be as easy:

conversely, if port 45 is timed to open valve

60 earlier, during exhaust stroke, gases (includ-
ing priming mixture) may enter the cylinder

during exhaust stroke and be wasted, unless the -

cylinder back pressure is sufficient to keep valve
60 closed until the beginning of intake stroke.

As already seen, after a speed sufficient for
a start is attained, port 47 is active in closing

valve 60 and allowing compression in the cylin- .

ders; a later timing of port 47 which would allow
valve 60 to close after the beginning of compres-
sion stroke, would result in only a partial com-
pression in the cylinders during the starting
period, and this, within limits, does not need to
be objectionable.

These considerations, in conjunction with the
fisures and especially Figure 3, will be sufficient
to show that alterations of the preferred timing
of ports can be made without altering their spe-

cific function which is part of the present inven- *

tion and depends more on the interrelated se-
quence of activity than on a particular timing.
The timing shown in Figure 10 may be considered
as an extreme example of said alterations.

In prior art it has been customary to lubri-
cate by hand the surface of contact of the dis-
tributor every predetermined number of hours
of operation of the engine; to avoid this manual
operation and obtain constant lubrication I pro-
vide an axial hole 17 in shaft 16, and a com-
municating radial hole 18 in the rotary dis-
tributor; small quantities of lubricant from bhear-
ing 23 fall through slot 84 in hole 17, and are
carried by centrifugal force through hole 18

" to the surface of contact of the distributor out-

side of the circle circumscribed to the ports on
the surfdce of the distributor; by this arrange-
ment no lubricant flows to the distributor norts,
but only encugh is supplied by capillarity to the
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surface of contact of the distribufor to keep the

same well oiled. A small -spring 85 keeps the

‘distribubors always in contact and prevents flow

of o0il: the same spring holds the disc 15 agamsn
its seat provided in body 19.
To lubricate shaft 16, oil is supplied through

valve 21 and port 22 to bearing 23, and hence

drips: either through port 24 and valve 25 back
into the engine crankcase, or to the bottom of
chamber 20; port 28 acts as an coverflow to keep
in chamber 20 only enough oil to touch the rotary

-distributor outside of the cirele circurascribed to

the ports on the surface of the distributor, so

‘that at least a very slight Iubrication is supplied

to the distributor surface by capillarity, should
port 18 become clogged.

When cempressed fluid is allowed to chamber
20, the stream of fluid trying to escape automati-
cally closes the valves 21, 25 and 27 and pushes
the disc 15 against its seat; preventing any loss

-of pressure; as soon as the starting action is

terminated all parts are automatically released
and continuous lubrication restored;

What I claim'as my invention is:

1. In means for starting internal combustion
engines, a first cylinder, -a first unit connected
to said first cylinder, a second cylinder, a sec-
oizd unit connected to said second cylinder, each
one of said units comprising fiuid flow checking
means and fluid initiated means operating said
check means; a source of compressed fluid,
means distributing predetermined gquantities of
said fluid to said fluid initiated means and means
releasing said quantities according to a predeter-
mined cycle, means for supblying fuel, means for
mixing sald fuel to said quantities of fluid, and
means for priming the engine cylinders with the
resulting mixture,

2. In means for startmg internal combustion
engines, ‘an engine cylinder, a source of com-
pressed fluid, a port from said source ito said

cylinder, fiuid flow check means in said port,

fluid - initiated means active in operating said

" check means, means for “delivering a charge of

fluid to said fuid initiated means, and speed re-
sponsive means releasing said charge of fluid at
different times of the cylinder cycle in depend-

—ence upon the engine speed.

3. In:means for starting internal combustion

engines by which compressed fluid is made op-

grayive to turn the engine, means for keeping said

compressed fluid at a constant pressure, means |

for metering a plurality of charges of predeter-
mined volume of said constant pressure com-
pressed fluid,” and means for delivering under
pressure said charges to the ‘engine cylinders
prior to power stroke in cyclic manner to pnme
said engine.

4. In means for starting internal combustion
engines, a compressed fiuid chamber, a shaft ex-
tending in said chamber.a bearing for said shaft,
a port conveying lubricant to said shaft, fluid
flow check means in said port preventing escape
of fluid from said chamber, a drainage port for
said lubricant, and means allowing the drainage

checking the escape of fluid from said chamber

. through said drainage port.

LD

5. In means for starting internal combusmoﬂ
engings, means for distributing compressed.fluid
to the engine cylinders during power stroke to
turn the engine, check valves opening towards
said engine cylinders, fluid pressure responsive
means, including a predetermined capacity, for
operating said check valves, means for distribut-

‘eylinders,

7
ing fluid fo said responsive means to open said
valves, & priming chamber, means for releasing
said fluid from said responsive means to said
priming chambser, speed responsive means for
releasing said fluid from said pressure responsive
means to. said priming chamber befcre comple-
tionn-of the compression stroke, said speed re-
sponsive means being active only after a prede-
termined engine speed is atiained, and means for
disiributing sald fiuid from said priming cham-
ber to said engine cylinders.

6. In means for starting internal combustion
engines including ports connected to the engine
eylinders; check valves between said ports and
said cylinders, said valves opening toward said
means for distributing combpressed
fiuid . to sald ports in cyclic manner while the
coriesponding cylinders undergo power stroke to
turn the engine, pressure responsive means for
contrelling: each of said check valves, and en-
gine $imed means for distributing fluid in cyclic
manner to said pressure responsive means to
keep said check valves open during compression
stroke to relieve the compression pressure.

7. In means for starting internal combustion
engines, means for distributing fluid to ports con-
nected to the engine cylinders during power stroke,
valves in said ports, said valves opening toward
said cylinders, pressure responsive means for con-
trolling said valves, means for distributing fluid to
said responsive means in cyclic manner to keep
said valves open during a predetermined cycle
phase, means for releasing said fluid in cyclic
meanner to let said valves close at a later cycle
phase, and means including ports connected to
said release means and said engine cylinders for
distributing said released fluid to the engme cyl-

‘Inders to prime said engine.

8. In means for starting internal combustion
engines, cylinder valve units comprising a check
valve opening towards the cylinder when suppiied
with compressed fluid, fluid tight pressure re-
sponsive means for controlling said valve inde-

- pendently from the fluid supplied to it, and means
for alternately supplying compressed fluid to said 1

responsive means in cyclic'manner to open said

-valves and set communication between said re-

sponsive means and said valves to discharge said
compressed fluid into said cylinders to prime said
engine,

9. In means for starting internal combustion
engines, cylinder valve units comprising two ports,
% check valve between a first one of said ports and
said-cylinder, said valve opening towards said cyl-
inder when compressed fluid is supplied to said
first port, means responsive to the pressure in the
other one of said ports for opening said check
valve independently from the pressure in said
first port and engine ftimed means for alternately

~distributing predetermined volumes of fAuid to ;=

said other ports and "discharging said volumes
from said other ports to said first ports in cyclic
manner to prime said engine.

10. In means for starting internal ‘combustion

engines, ‘a fluid distributor, a first and a second. 1.

port between said distributor and each of a plu-
rality of engine cylinders, check valves in said
first ports, said check valves opening towards said
cylinders, pressure responsive means connected o

said second ports for controlling each of said check ..
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said check valves open during compression stroke,
means for connecting one of said check valves,
while open during compression stroke, with an
other. check valve corresponding to a cylinder
undergoing a different stroke to relieve com-
pression, speed responsive means for rendering
said connecting means inoperative at a predeter-
mined engine speed, means for releasing said
measured volumes of fluid and means for deliver-
ing said volumes to the engine cylinders.

11. In means for starting internal combustion
engines, a fluid distributor, a first and a second
port connecting said distributor to an engine cyl-
inder, a check valve in said first port, said check
valve opening towards said cylinder, pressure re-
sponsive means connected to said second port for
controlling said check valve independently from
the pressure in said first port, and engine timed
means for distributing compressed fluid to each of
said ports in cyclic manner,

12. In means for starting internal combustion
engines, a fluid distributor, a first and & second
port connecting said distributor to an engine cyl-
inder, a check valve in sald first port, said check
valve opening towards said cylinder, pressure re-
sponsive means connected to said second port for
controlling said check valve independently from
the pressure in said first port, and engine timed
means for distributing compressed fluid in cyclic
manner to said first port during power stroke to
turn the engine and to said second port to keep
said check valve open during compression stroke
to relieve the compression pressure.

13. In means for starting internal combustion
engines, a. fluid distributor, a first and a second
port connecting said distributor to an engine cyl-
inder, a check valve in said first port, said check
valve opening towards said cylinder, pressure re-
sponsive means connected to said second poit for
controlling said check valve independently from
the pressure in said first port, engine timed means

for distributing compressed fluid to each of said.

ports in cyclic manner, and means for releasing
said compressed fluid from said second porf in
cyclic manner,

i4. In means for starting internal combustion
engines, a fluid distributor, a first and a second
port connecting said distributor to an engine cyl-
inder, a check valve in said first port, sald check
valve opening towards said cylinder, pressure re-
sponsive means connected to said second port for

-eontrolling said check valve independently from

the pressure in said first port, engine timed means
for distributing compressed fluid to each of said
ports in cyclic manner, and means responsive to
the engine speed for releasing said fluid from said
second port at different cycle phases,

15. In means for starting internal combustion
engines, a fiuid distributor, a first and a second
port connecting said distributor to an engine cyl-
inder, a check valve in said first port, said check
valve opening towards said cylinder, pressure re-
sponsive means connected to said second port for
controlling said check valve independently from
the pressure in said first port, means for distrib-
uting compressed fluid to said ports in cyclic man-~
ner, means responsive to the engine speed for re-
icasing said fluid from said second port, and means
for distributing said released fluid to the engine
cylinders. .

16, In means for. starting internal combustion
engines, means including check valves for dis-
tributing compressed fluid to the engine cylinders
during power stroke to turn the engine; means for
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storing predetermined volumes of fluid, means
responsive to the pressure in said storing means
for coatrolling said valves, and means for dis-
tributing said predetermined volumes of fluid to
the engine cylinders prior to power stroke to prime
said engine,

17. In means for starting internal combustion
engines, a fluid chamber, a stationary distributor
unit provided with ports leading to the engine
cylinders, a rotary disc distributor provided with
an sperture for setting communication between
caid chamber and said ports in cyclic manner,
a member for closing a portion of said aperture,
means for connecting said member to said disc
distributor in movable manner, resilient means
tending to keep said member away from said
aperture, and speed responsive meanhs antago-
nizing said resilient means.

18. In means for starting internal combustion
engines, a distributor body forming a compressed
fluid chamber, a distributor shaft extending
through said chamber and body, a port for sup-
plying lubricant to said shaft, a check valve in
said port to allow flow of lubricant towards said
shaft and prevent the escape of fluid in opposite
direction, a drainage port at the bottom of said
chamber, and a fluid flow responsive member for
closing said drainage port whenever a fast flow
of fiuid takes place in said drainage port.

19. In means for starting internal combustion
engines including ports connected to the engine
cylinders, check valves between said ports and
said cylinders, said valves opening towards said
cylinders, a source of compressed fluid, means
for setting communication in cyclic manner be-
tween said source and said.ports while the cor-
responding cylinders undergo power stroke to
turn the engine, means for setting communica-~
tion between one of said ports connected to a
cylinder undergoing compression stroke and an
other one of said ports connected to a cylinder
undergoing a different stroke, and means for
keeping the compression cylinder check valve
open during commpression stroke to relieve com-
preassion.

20. In means for starting internal combustion
engines including ports connected to the engine
cylinders and flow controlling means between said
ports and said cylinders, means for injecting
compressed fluid, through said ports and con-
trolling means, into said cylinders during power
stroke to turn the engine, pressure responsive
means of predetermined fluid capacity for con-
trolling said flow controlling means, means for
charging with fluid said responsive means in cy-
clic manner to operate said flow controlling
means and to meter predetermined quantities of
fiuid, speed responsive means for releasing said
quantities and again operate said flow controlling
means at different cycle phases in dependence up-
on the engine speed, and means for injecting said
released quantities of fluid into the engine to
prime said engine.

21. In means for starting internal combustion
engines including a compressed fluid chamber
and a member moving on a bearing surface con-
nected to said chamber, means for conveying
lubricant to said surface, & drainage port for
said lubricant, and pressure responsive means for
allowing slow drainage of lubricant and checking
fast escape of fAuid from said chamber through
said drainage port.

MICHELE CASERTA.
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