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Specification of Letters Patent.

Patented Oct. 26, 1909,

To all whom it may concern.:

Be it known that I, Fraxais 1. T EAT,
of Cleveland, Cuyahogu county, Ohio, have
invented a new and nseful Improvement. in
Explosive-Kngines, of which the following
is a fully clear, and exact description, refer-
ence being had to the accompanying -dravw-
ings, forming part of this specificationy if
which— l

Figure 1 is.a horizontal section showing
one embodiment of my invention: Fig. 9 13
a seetion on the line IT—II of Fig. 1 with
the main valves removed and the auxiliary
and exhaust valves stightly out of their true
positions; Iig. 3 is a section on the line
INI-IIT of I'ig. 2; and g, 4 is a section

“on the line IV1V of g, 1.

My invention hag relation to explosive en-
gines of the tour-cycle type, and more par-
ticularly to improvements in the valve appa-
atus of that cha
trotling the admission and the retention of
the explosive mixture of gas and air; and
the explosive gases in the cylinder.and also
the escape of the exhaust gases therefrom.

It also relates to the nieans for forming
said explosive mixture, and for regulating
the supply of gas and air to govern the
engine, :

My invention is especially applicable to
that class of four-cycle engines iu which the
explosive mixture “enlers the cylinder and
the exhaust gases leave the eylinder through
a single valve-controlleil passage, in which
the valve is in ifs elosed position during the

compression and the exblosion strokes, and |

acts to retain (he gases in the eylinder dur-
Ing those strokes, and also to vesist the heavy
pressures developed in the evlinder. T
valve remains in its open position during the
stiction and the exhaust strokes, and does
not interfere with the flowing in of the ex-
plosive-mixture, or the out-flowing of the
exhaust gases during that portion of the
cycle.  Auxiliary valves are employed at the
termiation of said common passage, out-

side the cylinder walls, and working under
pressures, to open communication

very light
with the mixing passages, and with the ex-
haust discharge passage, and to close the
same at the proper time.

My invantion has for its objects, the fur-
nishing of devices for the valves, valve ap-
paratus, and operating mechanisms, of g
simple and durable construction, in whicl
only rotary and crank motions will be em.

ployed, and

acter -of engine for con--

- walls, in position

“the numerals 2

in which the use of the puppot
valves and springs generally employed, will
be avoided ; also to Turnish’ cieans for regu-
fating the flow of @as and aie futo the mix-
ing passages, (e same being induced by the
suction of the engine piston) ~whereby the
How of the gas will be momentarily nter-
rupted near-the end of each suetion stroke
of the piston, the air being permitted toflow
without interruption, so that at the time of
the closing of the . inlet valve, the passage
between it and the cylinder closing valve
will be filled only with air, thus effecting an
cconomy in gas, and avoiding a disagreeable
noise in the exhaust eseape pipe, which might
be caused by the ignition and burning of any
xplosive mixture that might be left remain.
ing therein by the flowing through of the
hot exhaust gases from the cylinder.

With these several objects in view, and to
forni the combined inlet ‘and exhaust passage
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to the cylinder, and a chamber for the con- .
Ccy ) .

trolling valve, I provide an. auxiliary eylin-
der with a piston, pitman and crank equip-
ment, similar in their general featuves, to the
main eylinder.  This auxiliary cylinder, I
provide with a port opening through its side
to be covered and uncov-
ered by the piston at about mid-stroke when
it is traveling at its maximum rate of speed.
This auxiliary cylinder, at its working end,
forms a connection with the main cylmder,
so that the explosion chamber will be com-
men to both cylinders.  The.piston valve ac-
tuating shaft is caused to revolve at half the
speed of the main crank-shaft of the engine,
whereby said auxiliary ‘piston makes one
forward and back movenient, in-each cycle

86

85

90

of the engine’s operation. resultine in said 95
=) ) Ea o

port being closed during two strokes of the
main piston and open during two strokes
thereot, in each of said four-stroke cycles.

I have shown.my invention in connectio
with two cylinders which may constitute a
complete engine, or to which other cylinders
may be added, if beine understood that. the
invention may be used in an engine having
one cylinder, or more than two cylinders.

Referving to the accompanying drawings,
and 3, designate the two main

100

105

eylinders, and 4 and 5 their respective pis-. -

tons. The inner shell of these cylinders 1s
contracted at the explosion nd, in an_ap-
proximately semi-globular sk pe to form the
head or breech 6 inclosing™ the eXxplosion
chamber.  T= this 15 connéefed the auxiliary

110



“or arranged in the same
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2

cylinder 7 which I prefer to connect as
shown, in opposed arrangement, and in line
with the main cylinder, as facilitating theiv
manufacture, their axes colnciding, though
they may be connected 2t any desired angle
direction with their
axes paralleled. In order to avoid packed

joints difficult to maintain in these parts,
high pressures-

which are subjected to very
and high temperatures, I prefer to malke the
guxiliary cylinder in one piece, as shown,
with the main cylinder.
The outer shell or jacket 8
the main frame of the engine by
joint and bolts 15, a portion of

is eonnected to
a flanged
said man

frame being showw in section at 9. The

main frame or bed plate has formed therein,
for the reception of each cylinder, a circular
opening or passage with raised portions 10
and 19 surrounding each end thereof, and
which are machined to fit corresponding
bearing surfaces 11 and 13 formed on. the
outside of the cylinder. ~These constitute o
support and method of attachment which
possess great rigidity. The flange portion
of the bearing 11 surrounding the open end

. of the cylinder constitutes a shoulder to re-

30

. 40

45

_ment to the end of the

b5
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ceive the reactive longitudinal thrust ~f said
cylinder from the effect of the expl ons
against the cylinder head. The eylinders
being entered in said openings of the bed
plate through the crank end thereof, no ad-
ditional means of attachment is required to
resist the working stresses towhich these parts

5. are subjected. The stud bolts shown, con-

necting the part 11 to the bed plate, are only
required to hold the cylinders securely in
place and to compress the packing ring 14
of soft material which is interposed between
the opposing shoulders shown as formed in
the bearing surfaces 12 and 13 of the_bed

late and eylinder. Thisformsa water-tight
joint to resist the leakage of water from the
cooling jacket into the openings in the bed
plate survounding the cylinder.

The auxiliary cylinders 7 are surrounded

by a disk-like flange 16 inclosing a narrow

space which. forms a continuation .of the

. water- jacket for cooling the head and the

auxiliary cylinder, and 1ts opposite surfice
is made flat and forms the support for the
valve apparatus and medium for its attach-
cylinder. The flange
at the outer end of said collar is for the pur-
pose of giving a broad outer face which has
a bearing in a circular opening formed in
the outer end of the outer shell 8 of the water
jacket, and forms a telescopic connection
therewith. This furnishes a support for the
outer end of the cylinder, and at the same
time permits a longitudinal movement  to
take place between these two members to ac-
comtrodate whatever changes may be pro-
duced in their relative length through vari-
ations in their relative temperatures, 2 pack-

- erank on the upper quarter,

988,401

ing ring 5°.of soft material being used in
said telescopic joint, and being retained by
the follower ring 5* and bolts shown, so that
leakage of water is prevented.
The port 19 in the i

rotinds he eylinder, and is crossed by four
hridges to forin a cross connection and to re-
tnin the packing rings of the piston. The
rectangular chamber 20 with which these

auxiliary cylinder sur- 70

port openings communicate forms the con- 75

hection with the auxiliary inlet and exhaust
valves, and constitutes the outer terminus
of the combined inlet and exhaust passage
to the main cylinder, its dimensions being
such s will give a proper area of passage.
Numerals 21 and 22 indicate respectively,
the pitman, and crank of the auxiliary cylin-
der, 23 being the half speed shaft carrying
said- erank, a separate section being em-

80

ployed for each cylinder, and coupled. to- 85

gether they operate as one shaft with the
oranks set at an angle of ninety degrees to
each other, said shaft being driven from the
main shaft by any suitable connection (not

shown), which will give the reqnired relative 90

speeds.

Of the two main cylinders shown, the pis-
tons 4 and 5 ave shown at opposite extremes
of their movement, being coupled to cranks

set opposite to each other, piston 4 standing 95

as at the time of explosion, with the working
face of the auxiliary pisten in line with the
inner face of the eylinder head, and its crank
at dead center forward. The piston § stands
as at the beginning of the i

with the crank of its auxiliary piston at the
lower quarter, the auxiliary piston standing

o little short of mid-stroke, due to the angu-
lar position of the pitan. As will be seen,
the port is slightly open, for- this reason
thereby furnishing sufficient lag to give the
late closing of the valve desired. With one
revolution of the main shaft the piston 5
will again stand in the same position, but it ~
will be at the beginning . of the exhaust 1
siroke. The auxiliary piston will then be
in the same position as shown, but will be
moving in the opposite direction with its
and the opening

compression stroke 100

10

of the valve as shown, representing a lead 115

which gives the carly opening of the exhaust
required.

The mixture of gas and air is effected and
controlled in the following manner: The
gas enters at port 24, (see Tg. 3), which is 1
controlled by a regulating or throttle valve
25, the same being raised or lowered, as it is
dosired to increase or diminish.the flow of
gas through any desired agency, automatic
o otherwise which may be connected to
upper end of the valve stem 26. From said
port and valve, it flows through passage 27
to a rotary valve 28 having a series of ports
through which its admission within the bedy
of the valve is controlled, said valve turning

20

the 125

130
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within the easing .30 which has entrance
ports 31 arranged to register with the ports
29 of the valve 28. The valve 98 has: end
portions or nozzles 32 extending beyond the

5 casing and projecting into the mixing pas-

sages 33, which are provided with perfora-
tions for the escape of the gas. The valve 28
is made adjustable on its shatft to bring ity
_ports into different angular positions.. This

10 1s indicated by the set-screw 9§ in Fig. 2.

15 deseribed above,

20 necting at each end with

25. the outer terminus of the

Air is admitted through the port 34, its fiow
being regulated or controelled by the -throt-

~ tling valve 85, which is similar in its opera-
- tion to its companion valve 25 for the aas

30

- which 1§ rotated at the

Thence the air flows into
passages 33 where it meets and nungles with

the gas flowing from the perforations of.

nozzles 32. The valve 98 is arranged on the
central portion of g rotary shaft 280 con-
a hollow  eviin-
drical valve 85 which contains the passages 33
before referred to, said passages terminating
in the ports 36 whiclh are arranged to con-
.municate with the chambers 200 which form
combined inict and
exhaust passage before referred to, " The
valves 35 with the shaft 98 are driven at the
- same speed as the crank shaft 23 from sl
shaft through the gear wheels 37 and 38,
Each connecting chamber 20 opens at the
opposite. side to a rotary exhaust valve 89
same speed as tlie
.valves 35 by means of the gears 40 which
mesh with the ‘gear wheel 97 on the half-

35 speed shaft 23, The exhaust passages 308 of

the valves 39 are arranged to communicate

With 'a commion exhaust passage 41, (See
Figo 2 Tt will also be obzerved in con-

nection with Fig. 2, that of the rotary valves

40 35°and 39, those on the right hand sitle stand

- 180 degrees apart from those on the left,

.~ They are shown in this relationship for the

45 correct, they. should

purpose of illtlstrgptjx1g their open and closed
Positions in one vieiy, although to he strietly
stand 90 degrees apart
to agree with the relative positions of the
-two cranks 22 shown in Fig. 1. .

An igniter 43 is shown in position in each
cylinder, and on opening for a second one

50 with igniter removed iy also shown upon the

55 by the mspiration from the sourco of supply

- Pozzles 32,

60 in through port 34.
-7 left or to the right,

opposite side of the auxiliary = eylinder.
Water jackets are provided fir the exhaust
valves, as indicated by 49, '
uring a suction stroke, the gas is drawn
through - port 24, bassage 27, interrupting
valve 28, and through the perforations of
into ‘the mixing passages 33,
where it meets and mixes with the air drawn
These pass either to the
depending upon whether
the inspiration is from the cylinder 2 or the

- "cylinder 8. A suction stroke of'one cylinder

65

ls_immediatgly followed by the other, and
-as the duration of each is equil to a guarter

f
|
|

Ahe cornnon inlet

In the ciployment of rotary and

K:3

of a revolution of the half speed shaft 93,
gas and, air will be flowing in through the
ports 24 and-34 constantly during a half
revolution of said shaft, :
Two of the ports of valve 98 are arranged
to be in register with the two ports 31 of
the casing 30 during each suction
at full opening a little hefore the middle of
the stroke and to close and intereupt the
flow of the gas a Tittle before the end of the

70

stroke, and .

75

stroke, so that the passages from the valveg

35 mto the eylinders will be. {ilied with air
only at the time of the closing of the ports
19 of the auxiliary evlinder 7 by the pistons
18, as before deseribed. ,

As before explained, the pistons in tlie
auxiliary cylinders effect the opening of the
exhaust from the evlinders and close the in-
let communication therethrough remaining
open ‘during the exha usting and the suction
strokes.  The procise fimetion, therefore, of

)

80

85

the rotary valves 39 and 85 ia to effect ‘the

closing of the exhaust discharge, and: the
opening of the inlet, supply passages, at the
right noment during the time the vaive of
and exhangst passage into
the eylinder is open. - The
thus act in concert with the wain valves,
s these auxiliary valves have only to deal
with very light pressures, and for a-part of
the time with shight vaeuum, they may be
fitted to run qnite freely in their casings
without fear of ‘trouble from leakage, and
they will be subject to but slight wear in use,
; .crank
motions exclusively in the operation of the -
alves ¥ am’ enabled to operate them with
safety at very high speeds. By the wse of
a single acting piston to act e a valve for
closing the cylinder and to resist the heavy
pressures generated therein, g high' degree
of durability is assured, together with an
ability to remain tight, as against the lealk-
age of eylinder gases. ) :
I am aware that it is common in  four-.
cyele engines to ATALZe an exnaust port i

90

auxtliary valves -

100_

105

a main cylinder to be opened and closed by .

the piston near the end ¢ its stroke,
also aware that it ig connnon
engines to use such an ap
trol an inlet, as well ay.
But T am not awnge that an auxiliavy eylin-
der with a piston operated at half speed, to
eflect the opening and the closing of a porg
to a cylinder of: g four-cycle engine has ever
hefore been known or used. :

The novel features of cylinder constrye-
tion herein shown an deséribed form the
subject of a divisional application, Serial
No. 381,674, filed J uly 1, 1907,

What I ¢laim ise—

L Tn a gas engine of the four cycle type,
a eylinder; a port leading into the explosion
chamber of the cylinder, an auxiliary cylin-
der forming

I'am
n two-cycle
angement to con-
an exhanst port,

& condinuation of gaid port, and ‘1’

115

120

125
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“valve in said cylinder

a lateral port, and a piston
valve in said cylinder, said valve controlling
said lateral port and also effecting the clo-
sure of the cylinder explosion chamber. pre-
senting its inner end to the explosion cham-
ber to receive the force of the explosion, a
half speed shaft, and actuating connections
between said shaft and the piston, said valve
and connections being arranged to effect the
closing of the lateral port at about the mid
stroke of the valve; substantially as de-
seribed. )

9. Tn a gas engine of the four-cycle type,
' having an inlet port leading into
the explosion chamber of the cylinder, an
auxiliary cylinder forming a continuation of
the port, and itself having .o lateral port,
a reciprocating single - acting piston valve
working in the auxiliary cylinder and con-
trolling said perts, said ‘valve presenting its
inner end to the explosion chamber to receive
the force of the explosion, a half-speed shaft,
a crank in said shaft, and a pitman connect-
inz the crank with the valve, said crank and
pitman being arranged to cause the valve to
close said ports ab about its mid-stroke and
at the beginning of the compression stroke
of the main cylinder piston; substantially as
described. » o

3. In a gas engine of the four-cycle type,
a cylinder i i 1
its explosion chamber, an auxiliary cylinder
forming a continuation of the port, and
itself having a lateral port, a piston valve in
said cylinder arranged to close said ports
at about its mid-stroke, said valve presenting
its inner end to the explosion chamber to
receive Lhe force of the explosion, and actu-
ating means for said valve whereby it malkes
half the number of strokes as the main en-
gine piston; substantially as described.

4. In a gas engine of the four-cycle type,
a cylinder having a combined inlet and out-
let port, an anxiliary cylinder communicat-
ing with the said port, and having
opebing, and a piston arranged to cover and
the said opening at about the mid-
point of 1its strole, together with mieans for
actuating said piston whereby it has 2
greater speed throughout the mid portion of

itself having

‘$ks stroke than at other points of its move-

A

ment ; substantially as described.

“5. In a gas engine of the four cycle type,
a cylinder having a combined inlet and ex-
haust passage, an quxiliary cylinder form-
ing a continuation of said passage, and hav-
ing a lateral intet and exhaust port, 2 piston
arranged to close said
port at its mid-stroke, said valve presenting
its inner end to the explosion chamber to re-
ceive the force of the explosion, & half-speed
‘shaft having an actuating connection with
the valve, and a supplemental inlet valve;
substantially as described.

‘6. In a gas engine of the four cycle type,

@ cylinder having
haust passage, a piston, valve controlling

and exhanst valves;

‘whereby it malkes

having an inlet port leading 1nto -

a lateral:

| nection with the valve,

“to receive the force

938,401

-a cylindei‘, having a combined inlet and ex-

haust passage, an auxiliary cylinder form-
ing a continuation of said passage, and hav-
ing a lateral inlet and exhaust port, a piston
vyalve in said cylinder arranged to close said
port at its mid-stroke, said valve presenting
its inner

end to the explosion chamber to re-

70

ceive the force of the explosion, a half-speed

shaft having an actuating conmection with
the valve, and a supplement al exhaust valves
substantially as described.

7. In a gas engine of the four-cyele type,
‘a combined inlet and ex:

said passage, 2 half speed shaft for actuat-
ing said valve, and auxibiary
cubstantially as de-
seribed.
8. In a gas engine of the four-cycle type,
a cylinder having
haust passage, . piston valve controlling
said passage, means. for actuating said valve
half the number of strokes
bf the main engine piston, an auxiliary
yotary inlet valve, and a gas interrupting
valve for admitting gas to the auxiliary
alve; substantially as deseribed. -
9. Tn an explosive engine of the four-cycle
type, a- mixing chamber, a port leading there-
from to the cylinder. a reciprocating main

valve controlling said port, auxiliary rotary’

admission of the

valves controlling  the
a votary exhaust

charge to said chamber,

rotary imlet.

‘a combined inlet and ex-

80

85

96

95

valve controlling the escape of exhaust from -

said chamber, and a chaft and connections
for operating all said valves in proper time
relations; substantially as described.

10. In a gas engine of the four cycle type,
a eylinder having a combined inlet and ex-
haust passage, an auxiliary cyhinder form-
ing a continuiat ion of said passage and hax
ing a lateral inlet and exhaust port the
piston valve in said cylinder presenting ite
end to the explosion chamber of .the said
cylinder to recoive the force of the explosion,
a half speed shaft having an actuating con-
and an auxiliary
inlet valve, substantially as desciibed, '

11. In a gas engine of the four cycle type,
a cylinder haying a combined inlet and €x-
haust passage, an auxiliary cylinder form-
ing a continuation of said passage and hav-
ing a lateral inlet and exhaust port, the pis-
ton valve in said eylinder presenting its end
to the explosion ehamber of the said cylinder
of the explosion, a half
gpeed shaft having an ac¢tuating connection
with the valve, and auxiliary inlet and ex-
haust valves, sibstantially as described. .

12.Tn a gas engine, 2 cylinder, an aux-
liary cylinder connected thereto and hav-
ing a chamber opening into and common to.
the cxplosion chamber of the cylinder, 2
combined inlet: and exhaust opening lead-
ing into the auxiliary eylinder, and a piston

10¢
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in said cylinder arranged-to control the said
opening ; substantially as described.

13. In a gas engine, a cylinder having a
neck portion formed with a port leading
thereir, and an auxiliary cylinder forming
a continuation of said port and having Iat-
eral openings, said auxiliary cylinder form-
ng a chamber for the main valve and a main
piston valve in said cylinder arranged to
effect the closing of the explosion chamber
during the compression stroke of the main
piston and to present its end to the said
chamber; substantially as described.

14. In an explosive engine, a rotary gas
controlling valve consisting of a hollow
body having admission ports, means for
periodically closing said ports as the valve
1s rotated, said valve having escape openings
throngh its wall, a mixing chamber or pas-
sage into which the gas 1s  discharged
through said escape openings, means for ad-
mitting the air to the mixing chamber o
passage, and means for coustantly rotating
said valve to alternately open and close its
admission ports; substantially as described.

15. In an explosive engine, a rotary shaft,
2 gas controlling valve carried thereby,
means for periodically admitting gas to the
interior of said valve, an auxiliary valve
mounted on the same shaft with the first
named valve, and having a port communi-
cating with the interior of the gas valve,
means for supplying air to the saigd port ex-
teriorly of the gas valve, and a main valve
for controlling the supply of mixed air and
gas to the engine cylinder; substantially as
described.

16. In an explosive engine, a gas inter-
rupting valve cor rising a hollow rotating
body, means for a(fmitting gas thereto, saig
valve having escape. openings or passages
leading outwardly from the same, and an
air supply passage surrounding said valve

~ and into which the valve discharges, together

45

50

with means for admitting air to said passage,
and means for constantly rotating said valve 5
substantially as described.

17. In an explosive engine, a cylinder hay-
ing a neck exténsion_af its explosion end
forming an auxiliary cylinder, a combined

inlet and outlet passage leading through the .

walls of said cylinder, and a
said cylinder arranged to control said port,

piston valve in ™

<aid valve presenting its end to the explo-
sion chamber of the cylinder to receive the
force of the explosion and to effect the clos-
ing of the explosion chamber; substantially
as described.

18. In an explosion engine of the four-
cycle type, an auxiliary cylinder communi-
cating with the explosion chamber of the
main cylinder by a single opening and hay-
ing a lateral infet and outlet port, a piston
valve arranged to reciprocate the auxiliary
cylinder, a half-speed shaft having a crank,
and a pitman connecting the crank and
valve, said valve and its actuating crank and
piston being set to cause the valve t. close said
port at its mid-stroke and at the beginning
of the compression stroke of the main piston,
and to thereafter advance to assist in the
compression and to receive the foree of the

~explosion against its inner end and transmit’

it to the cranl; substantially as described.

19. In an explosion engine, a gas inter-
rupting valve,
body having & plurality of admission ports,
means whereby said ports are alternately
opened and closed as the valve is rotated,
said valve having escape openings or pas-
sages leading outwardly from the same, an
air chamber surrounding said valve and into
which the said escape openings or passages

discharge, means for supplying air to the air
chamber, means for effecting an .angular

adjustment of the valve to vary the time of
its interrupting action, and means for con-

5
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comprising a hollow rotating ~

80

stantly rotating said valve; substantially as :

described.

20. In a gas engine of the four-cycle type,
a cylinder having an exhaust port leading
into its explosion rhamber, an auxiliary eyl-
inder forming a continuation of the port,
and itself having a lateral port, a piston
valve in said cylinder arranged to close said
ports at about its mid-stroke, and actuatin
means for said valve whereby it makes half
the number of strokes as the main engine
piston ; substantially as.deséribed.

In testimony whereof, I have hereunto set
my hand.

FRANCIS H. TREAT.

Witnesses:
R. J. Warpwer,
Lirrte Ma.wery,
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