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ELLIS J. WOOLT, OF WIIN\TFAPOLIS MINNI‘SOI‘A ASSIGNOR TO THE WOOLF
VALVE GEAR OOMPANY OF SAME PLACE.

AIR AND ;G.As _E-NGINE,_

SPECIFICATION forming part of Lettels Patent No. 62 7,219, dated June 20, 1899.
| | Anphmtlon filed April 27, 1897 Sem&l No. 634 182 (Wo model,)

To all whom it may concern: .

Be it known that I, EL11s J. VVOOLI‘, a citi-
zen of the United Sta,be% residing at Minne-
apolis, in the county of IIennepm and dtate

s of Minnesota, have invented certain new and’

useful Impr ovementsin Airand Gas Engines:
and I do hereby declare the following to be a
full, clear, and exact deseription of thei 1nven-

DIOI] snch as will enable others skilled in the

10 art to which it appertains to make and use the
same, )
My invention relates to air and gas engines,
and has for its object to improve the same
- .with & view of simplicity and compactness of
15 construction, convenience of manipulation,
increased eiﬁelency in - mtmn, and greater
- economy in fuel. .
T'o these ends my invention consists of the

novel devices and combinations of devices.

20 which will be hereinafter descr'lbed, and de-
fined in the claims.

The preferred form of myinvention isillus-.

tratedin the accompanyingdrawings,wherein
like notations refer to like parts throughout
25 the several views.

Figure 1 1s a perspective wem with some
par ts broken away and others shown in sec-
tion, illustrating my improved compound en-
gine. Fig.21saview,chieflyin vertical ecentral

3o section, in the plane of the crank-shaft, buat
with some parts brokenawayand othersshown
in elevation. Fig. 3 1s a view in front eleva-
tion ShOWlIi{U‘ the lower part of the engine
illustrated in Figs. 1 and 2. Fig. 418 a view,

35 chiefly in Vertleal central secmon through the
valve and valve-seat and some of the othel
parts, substantially on the line 2* z* of Fig. 2.
I'ig. 5 is a detail, chiefly in end elevation, but
partly in section, showing the valve-gear and

40 some other parts. Fig. 6 is a horizontal sec-

tion on the line «° 2 of Fig. 2 for showing

the relation of the oil-well to the high-pres-

sure pistons. Fig. 7 is a detail in sectional

perspective for qhowmw the relation of the
45 feed devices.

The numerals 1 1epre%ent a pair of bed-
(,a_stmﬂ-*s to which is securely bolted the cast-
ing 2 for the high-pressure cylinders. To the
hwh -pressure eylmdel 2 18 securely bolted

50 thelow-—pressme cylinder casting 3. The cast- |

ings 1 and 2 are so construeted and disposed
as to form the bearings for the crank-shaft 4.
The crank-shaft 4 is provided with a pair of
Ily—-wheelq 5 at its opposite ends. The cast-
ings 1 and 2 are also so constructed and dis- ss
poqed as to afford clearance for the crank of the
crank-shaft and for the main rod 6, by which
the crank is connected to the low- -pressure

piston 7. To the low-pressure piston 7 are

secured the high-pressure pistons 8. These 6o
pistons 7and 8§ are so related to the high and
low pressure cylinder castings as to separate
the operative ends of the high and low pres-
sure cylinders in a manner which may be
readily understood from an inspection of 63
Figs. 1, 2, and 6. The high-pressure-cylinder
casting 2 18 recessed to afford a water-jacket-
ing chamber 9, through which the water is cir-
culated in any suitable way for keeping the
high-pressure ¢ylinders cool. It has already 70
been noted that the high-pressure-cylinder
castings are separated to afford clearance for
the main rod 6, and the upper ends of these
castings are provided with an upwardly-ex-
tending flange 10, entirely surrounding the 7s
said main rod 6, whlch flange 10 codperates w1th
thelowe1 end of the low-pressure-cylinder cast-
ing 3 to afford a recess or chamber adapted to
serveasan oil-well 11, through which the high-
pressure pistons must move. The low- -pres- 8o
sure-cylinder casting 3 is provided with an
internal oil duct or well or groove 12, disposed
Subs‘[autmlly central to the low--pleqsme pls-

‘ton’s travel, and the low-pressure piston 7 is

provided with a pair of packing-rings 13, 8s
spaced apart from each other a distance sub-

stantially equal to the piston’s stroke, as best

shown in Ifig. 2. In virtue of this disposition

of the said parts 12 and 13 the low-pressure
piston 718 constantly subject to a body of oil go
from said duect or well 12, which is held be-
tween said packing-rings 13. Oilis supplied
to the duect 12 in any suitable way, but as
shown the supply thereto is afforded through

a small pipe 14, leading to a comparatively g5
large oil cup or cavity 15 in the upper end of
the valve-chest casting 16. The said valve-
chest casting 16 is shown as formed integral

with the lowupwssme -cylinder casting 3 .':md
‘as provided with a water-jacketiﬂg',cha_mber 100
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17, through which coolmmwatel is circulated | with. The said cam 29 is provided with the

in any su_ltable way. The water-jacketing
chamber 9 of the high-pressure-cylinder cast-
ing 2 and the said chamber 17 of the valve-

g chest casting 16 are connected by circulating-
pipe 18, as shown 1n Ifig. 1 as part of the ¢ir-
culating connections. The said valve-chest
casting 16 is constructed to afford a seat 19
for a piston-valve, which is constructed in

10 two separable sections 20. The lower mem-
ber of the valve-sections 20 is connected to
the valve-rod 21, and the upper member of

- said valve-sections 20 is subject to the action
of a spring 22, which reacts between a shoul-

15 der on said valve-section and a guide-nut 23,
secrewed into the top of the valve-chest cast-
ing. The two valve-sections 20 are rabbeted

at their opposing ends to afford a seat for a |

spring packing-ring 24, which connects the

20 two. The valve-seat 19 is provided with a-
single port a, leading to the low-pressure cyl- .

inder, and with a pair of high-pressure ports

b, leading to the respective high-pressure cyl-

111(161‘5 throuwh suitable pipes 25. The said
25 high-pressure ports b are located one on each
mde of the eentmlly disposed low-pressure
port a. The valve is provided with a central
exhaust-port d, shown as formed by openings
in the packmn‘ ring 24, which connects the
30 two valve-sections 20, and-is also provided
with a pair of high-pressure ports ¢, one on
each side of said central exhaust-portd. The
high-pressure ports ¢ of the valve are so con-
structed as to be constantly in communica-
35 tion with the high-pressure ports b of the
valve-seat. The cooperative action of these
ports in the valve and the seat will be noted
after describing the valve-gear. A pair of
electrodes 26, suitably insualated, project
40 through Smmble thimbles or passages 27 of
the v a,lve chest casting into the high-pressure
ports ¢ of the valve .::Lnd are adapted to con-
tact with the valve under the travel of the
same ab the proper times for igniting the
45 charges in the high-pressure-cylinder clear-
ances. Thevalve itself receives cuarrent from

the main castings or in any other suitable

way through the proper connections (not

shown,) so as to serve as one of the members

so of the cooperative electrodes necessary to pro-

duce the electric spark. The surfaces of the

valve which contact with the electrodes 26 are
shown at ¢ In I'ig. 4 and some of the other
. views. These eonmgL surfaces eonthe valve
55 must of course be properly located with re-
spect to the electrodes 26, so as to contact af
the proper times.

The valve-rod 21 is shown as passing

through a suitable guide-lng 28, formed on
6o the 1110*11 -pressure- mhnder castmg and un-
der the action of the spring 22 is held with
its lower end pressing on the face or periph-
ery of a cam 29. This cam 29 is provided
with an internal gear 30, which engages with
65 a gear 31. (Shown as mounted directly onthe
crank-shaft 4. )} Thesaid cam 29 is carried by

proper cam -surfaces for imparting to the
valve a four-step IIlOthll These cam-sur-
faces are marked o/, ¥ 2, and 2% 3’ and y?
represent the cam- surfaees which control the
admission from the two high-pressure cylin-
ders 1o the single low-pressu re cviinder, and
the cam-surfaces z' and z* control the two

corresponding final exhausts from the low-

pressure cylinder. The cam 29 and the gear-
wheel 31 are of such relative sizes that the
ogear-wheel or crank-shaft turns twice while
the cam-wheel 29 turnsonce. Thefourstepsof
motion on the valve are of equal length and
occur in equal times; each step being 1n the
same time as one stroke of the pistons. The
cam-surfaces 7/, ¥*, 2, and z° on the cam-

wheel 29 are therefore constructed to produce

these equal steps of movement on the valve.
As these cam-surfaces act for equal times, 1t
follows that each corresponds to one stroke
of the piston in the cycle of the engine’s ac-
tion. Ilence if the cam should be shifted a
distance equal to one of said cam-surfaces
or if the cam should be held stationary while
the pistons make one stroke it is obvious
that the timing of the cam actions on the
valve would come right to effect the distri-
bution in the proper way for driving the en-
oine in the opposite direction. With the con-
struction shown the latter plan is pursued—
to-wit, the cam is held stationary for one
stroke of the pistons in order to reverse the
engine under motion. Toaccomplish this re-
sult, as shown, the oear-wheel 31 is provided
with a pair of keyways f, one hundred and

eighty degrees apart, at the opposite limits
of thesegmental groove 7' in the hub of said
gear- wheel and the driving-shaft is provided
with 2 suitable key 32, mounted in a keyway
of said shaft for shdmﬂ' movement therein
and held under temmn from a spring 33 to
engage with said keyways f or the segmental
groove ', connecting the two keyways. As

shown, the spring 33 reacts between a handle- -

sleeve 34, to which the kev 32 is attached,
and a pin 35 on a transmitting-shaft 30, shown
as extending into a seat for the same in the
main or driving shaft and coupled thereto
by a suitable set-screw 37 or other suitable
means. With this construction the hand-
piece 34 slides on the transmitting-shaft 86
and carries the key 32 therewith. Ilence by

pulling on the handpiece 34 the key 32 may
be pulled out from either of the keyways f
of the gear 31 against the tension of the spring

33, s0 as to permit the inner end of the key

to ride against the hub of the gear 31 within

the limits of the segmental groove f. 1t has
already been noted that the annular gear 30

) on the cam and the gear-wheel 31 are related

as one to two, and hence when the key 32 1s
pulled out from one of the keyways f, as be-
fore stated, the gear and cam will stand sta-
tionary, while the shaft moves through one
hundred and eighty degrees, thereby effect-

or rides on the sald gear 31 and turns there- | ing the shiff, as hitherto noted. The further
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~effects in reversing the engine will be stated

in connection with the general description of

the operation of the engine as an entirety.
- It will be understood, of course, that while

the valve-driving gear 31 is shown as mount-

ed directly on the crank-shaft and the cam 29
as having an internal gear 30 and mounted

' ‘to ride on the driving-gear 31 this is simply a

IO

20

25

30

~alr-supplypipes. Thebushings40arésmaller
at their upper ends than the internal diam-.

35

40

convenient arrangement with a view of com-
pactnessofstructure. Itisobvious,of course,
that these parts 29 and 31 might be otherwise
mounted, so long as they sustain the same re-
lation to the movementsof the valve and the
pistons. | o

From the foregoing description it will be
seen that the cam 29 has the internal gear 30,

which engages the driving gear-wheel 31 and
turns therewith, but on a center eccentric to

the center of said driving gear-wheel.
Having regard now to the feed devices for
the supply of air and gas or oil, it has already
been noted that the high-pressure ports b of
the distribution-valve seat are tapped by a
pairof pipes 25, leading to the respective high-
pressure cylinders. At theirlowest points, as

shown, the said pipes 25 are provided with.
.valve-casings 38, which serve to conneect the

two sections of the respective pipes 25 and

areprovided withdownwardly-projecting nip-

ple-like extensions 39, which open to the at-
mosphere. Into the nipples 39 are screwed
open-ended bushings 40, which serve as the

eters of the nipples 39 and are of the proper
shape to codperate with parts of the internal
surfaces of the casings 38 to form a valve-seat

~hforagravity-valve 41, which is seated there-
The parts 39 and 40 are so related in vir-

on.
tue of their difference of size at their inner

‘ends or by counterboring or otherwise to af-
ford an annular passage /', which taps the |
valve-seat 2 and is controlled by the gravity-

valve 41. = The annular passages i’ between
the parts 39 and 40 are tapped by the oppo-
site ends of a gas or oil supply pipe section
42. The pipe-section 42 is provided with an

~ordinary throttling feed-valve 43, to which gas

55

6o

~or oil is supplied through a pipe 44, leading
50

to a reservolr of oil or gas under pressure.
Operation: All the different parts of my
improved compound engine have now been
specified as the same are shown in the accom-
panying drawings. The operation of the en-

gine as an entirety will now be briefly sum-
marized. Thisengine, likeothergas-engines,
must in the first instance be started by hand.
Let it be assumed that the engine has thus
‘Dbeen started and that a charge of air and gas

has been compressed in the clearance-space

for the right-hand member of the two high-
pressure cylinders. Then all the parts would
‘be in the positions shown in Figs. 2, 4, and 5.

From this point the c¢ycle of the actions will
be traced, starting with the explosion. Itwill

~ beseenby reference to F'igs.2, 4,and 5 that the.
valve 18 moving down and that the upper con-

sure ¢ylinders.

tact-surface e on the valve is about to sepa= -

rate from the upper electrode 26 for produc-
ing the electric spark and igniting the charge
in the right-hand member of the high-pres-
As quick as the explosion oc-
curs the pistons of course make an upward or
a working high-pressure stroke, and the po-
sition of the valve during this stroke is shown
in Ifig. 1, by reference to which it will be seen
that the said valve is in position to cause the
exhaust-port d therein to cooperate with the
single port-¢ in the seat, leading to the low-
pressure cylinder, for permitting the final ex-

haust from the low-pressure ¢ylinder through

the center of the distribution-valve. During

70

75

30

this same outward or working stroke of the -

right-hand member of the two high-pressure
cylinders a charge was sucked into the left-
hand high-pressure cylinder. As the pistons
approach the limit of their outward move-

ment on sald stroke the valve again begins

to move downward for bringing the upper
member of the high-pressure port ¢ in the

vaive into registration with the single low-
pressure port a of the seat, and thereby es-

tablishing the connection between the right-

hand high-pressure cylinder and the low-

pressure cylinder. Thisof courseadmits the
partially-used gases from the high-pressure

cylinder into the low-pressure eylinder. The

downstroke of the pistons is then made un-

der the effect of the gasesin the low-pressure

cylinder acting on the relatively large low-
pressure piston. T'o make the action of the

valve still more distinet, it may be further

90

95

100

noted that during the outward or working

stroke of the right-hand high-pressure piston
the valve-rod 21 was riding on the cam-sur-
face z', while during the downward stroke or

105

working stroke of the low-pressure pistonthe

sald valve-rod 21 was riding on the cam-sur-
face . During said low-pressure or down-
ward stroke the charge previously drawn into
the left-hand high-pressure cylinder was com-
pressed intothe clearance-space for that cyl-
inder and the contact was made between the

Jlower contact-surface ¢ on the valve and the

lower member of the electrodes 26. These
two strokes completed one revolution of the
crank-shaft. The lowand high pressurecyl-
inders and clearance-spaces are so propor-

110

15

tioned that a partial vacnum will be produced

in the low-pressure cylinder before the com-
pletion of the low-pressure stroke, and the
timing of ‘the valve is such that the connec-
tion or communication between the high and
low pressure cylinders is maintained sub-
stantially to the end of the low-pressure

stroke. - Hence under the effectof the vacuum
thus produced in the low-pressure cylinder
all the spent materials remainingin the high-
pressure clearance will be drawn out there-
from and into thelow-pressurecylinder, thus
scavengingthe high-pressure clearance. The

feed-valve 41 is located on the opposite side

I12C

”

130

of the high-pressure clearance with respect

to the low-pressure cylinder, and hence un-
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IO

der the action.of said vacuum in the low-
pressure cylinder the sapent gases will first be
pulled over into the low-pressure cylinder
and then the feed-valve 41 will 1ift and per-
mit a supply of air or of commingled air and
oas, which will immediately replace the said
spent gases in the high-pressuré clearance.
So far in the cycle we have considered one
revolution of the shaft produced frotti one
high-pressure stroke—to-wit, that from the
right-hand high-pressure piston—and one

low-pressure stroke under the compounding |

~of the gases, ahd at the end of these two

18

20

.30

35

strokes the charge was compressed, as before
stated, in the left-hand high-pressure clear-
ance, with the electrodes in position for ig-
nition. Hence upon explosion an outward or
working stroke will be made by the left-hand
member of the high-pressure pistons and the
valve-rod 21 will ride on the cam-surface z°

During this working stroke of the left-hand

high-pressure piston the charge in the right-
hand ecylinder is completed by the vacuum
produced therein. The supply for thus com-
pleting the charge in theright-hand pressure-
cylinder is afforded through the same feed-
valve 41 which had already admitted sutfi-
cient charge to fill the clearance-space of that
high-pressure cylinder under the action of the

vacuum in the low-pressure cylinder dur-

ing the preceding low-pressure stroke. As
the pistons near the completion of their out-
ward stroke under the explosion in the left-

“hand high-pressure cylinder the valve moves

upward to its limit under the action of the
cam-surface y', thereby bringing the lower

- member of the high-pressure ports ¢ in the

valve into registration with the low-pressure

“port a and establishing communication be-

40

50

tween the low-pressure cylinder and the left-

hand member of the high-pressure cylinders.

This of course gives the compound action re-
quired for the next low-pressure or down-
ward stroke, therebycompressing the charge
in the right-hand high-pressure cylinder and
producing the partial vacuum necessary to
scavenge the left-hand high-pressure clear-
ance and admit a charge. through the valve
41 of air and gas to replace the same.
second low-pressure stroke of course com-
pletes the cycleatthe end of the second revo-

lution of the erank-shaft.

Having regard to the reversing of the en-

gine when under motion, it is only necessary

60

to pull out the key 32 and permit the shatt
to turn through one hundred and eighty de-
orees while the gear 31 and the cam 29 re-
main stationary, ashithertodescribed. Daur-
ing this time the inner end of the key rides

on the hub of the wheel 31 within the limits |
of the groove f', as hitherto noted, and at the

end of said one-hundred-and-eighty-degrees
movement of the shaft thespring-pressed key
will engage with the opposite member of the
keyways f, thereby again causing the gear
and cam to turn with the shaft. This con-

tinued movement of the shaft in the original | pound engine wherein only one high-pres-

This.

1
Al

without the gear 31 and cam 29 and then the
continued movement of all three of said parts

in the original direction takes place under

parts until the stop and reverse.
“as the gear 31 was relocked to the driving-
- shaft after the shaft had turned one hundred

‘the engine in the opposite direction.

the effect of the momentum of the moving
As quick

and eighty degrees while the gear and cam
make the valve motions come right for effect-

ing the distribution in such a way as to drive
Other-

wise stated, the cam 29 stood still while the
‘pistons made one stroke, and when the gear

81 again becomes locked to the shaft,so as to

carry the cam forward therewith under the

“momentum of the moving parts, the valve
motions will come right to convert the low-
pressure cylinder into a pump and establish

communication alternately therefrom to the
high-pressure cylinders. Hence under the
continued motion of the engine in the origi-

| direction for one hundred and eighty degrees.

70

75

stood still, the said cam was in position to

380

90

nal direction under the momentum of the fly- -

“wheels and other moving parts air will be’
~stored under pressure in the high-pressure
eylinders alternately by the pump action of

the low-pressure cylinder, and this storage

and compression will continue until the pres-

sure is sufficient to stop the engine, and there-
upon the air thus stored in the high-pressure
cylinders under pressure will become In-
stantly available to reverse and start the en-
gine in the opposite direction. Ithasalready

‘been noted that the valve motions were re-

versed by the shift on the gear.

Hence what-

‘ever energy was stored in the high-pressure

| cylinders while thelow-pressure cylinder was
acting as a pump under the momentum of

the moving parts will become available for

-starting the engine in the other direction.
The engine having thus been started by said

storage and the valve motions being right for

this reverse direction, the supply of air and
-gas will be drawn from the regular sources
‘as soon as the sftorage has been exhausted.
In this improved engine, theretore, the re-
.verse under motion is entirely automadtic.
Tt is also obvious that with the engine herein
“disclosed pressure is operative on the crank
‘at every stroke. |
‘at every other stroke; but between the two
-explosions or high-pressure strokes occurs a

An explosion takes place

low-pressure stroke, thus rendering pressure

available at every stroke in the cycle of ac-

tions.

It will be understood, however, that

95

"T0OC

10!

TIC

IT

I 2¢

By thus providing an organization
wherein the two high-pressure cylinders co-
~operate alternately with the single low-pres-
sure cylinder it will be seen that high effi-
-ciency, with compactness of structure, is se-
-eured. |
‘the coaction of each high-pressure ecylinder
‘with said low-pressure cylinder is independ-
‘ent of the other high - pressure cylinder.
‘Otherwise stated, some of the features of the
“invention would apply equally well to a com-
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sure cyhnder 18 used. The disposition of the' '

high-pressure-cylinder castings in respect to

the low-pressure cylinder and the separation

of their operative ends by the three pistons
is incident to the construction shown and is
advantageous for compactness of structure

- olling, &e., but it will be understood thfw

the said three cylinders and the other codp-
erative parts might be otherwise disposed so

far as the essentmls of the action are con--

~cerned as long as all three codperate on a
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common crank-shaft. It will be further un-

derstood that many of the minor features of

the construction might be changed without
departing from the splrlt of my invention.
What I claim, and desire to secure by Let-
ters Patent of the United States, is as follows:
1. A ecompound engine comprising a suln‘le
10W- -pressure cylmder a palir of high-pressure
cylinders, with all of said eylmders coupled
to a common shaft, a distribution valve or
valves, and asingle V&IVB cear,with said valve
mechamsm S0 arranged as to canse the two
high -pressure cylinders to cooperate alter-

n&tely with the single low- -pressure cylmdel |

substantially as descrlbed | | -
2. In a compound engine wherein a pair of
high-pressure cy lmders coOperate with a sin-

-o*le low-pressure cylinder, the combination

Wlth a valve-seat having a single low-pressure

port serving to admit from both of said high-
pressure cylmders and to effect the final ex-

haust therefrom, of a valve on said seat hav-
ing ports COOperatmn‘ with said low- -pressure
port and a pair of high-pressure ports in the
seat, to effect the complete distribution, sub-

_sﬁantmlly as described.
3. In a compound engine, the combination |

with a sin gle low-pressure cylinder, of a pair

of high-pressure cylinders opening into said

low-pressure cylinder, pistons separating the
operative ends of said three cylinders from

each other, and cooperating on a common

main rod, and valve mechanism for ecausing
the two- hwh -pressure cylinders to coOperate
altern&te]y with the single low-pressure cyl-
inder, substantlaﬂy as de:scmbed

4. In an air and gas engine, the combma-
tion with a Gyhnder havmﬂ' an internal oil

well or duct opening to the piston, substan-
tially central of the piston’s travel, of a pis-
‘ton having a pair of packmﬁ'—rmws spaced
‘apart a dlstance substantially equal to the

piston’s stroke, whereby the piston is con-
stantly subject to-a body of oil held between
sald rings and supplied fr om sald d uct, sub-
sta,ntlally as described.

In an upright componnd engine, the com-
bma‘umn with a single low-pressure evhnder
of a pair of hwh-pressure cylinders opening

into said low-pressure cylinder, pistcens sep-

arating the operative ends of said three cyl-
inders from each other and codéperating on a
common main rod, valve mechanism for caus-
ing the two hwh-pressure cylinders to codp-
era,te alternately with the single low-pressure

‘eylinder, with the two high-press1}re_—cy1indel‘

castings spaced apart, to afford clearance for

the main rod, and provided with upwardly-
extended ﬂa,nﬂ'es surrounding said rod and
cooperating with the low-pressure-cylinder
casting to form an oil-well surrounding the

high - pressure plstons subsmutmlly as de--

seubed
6. The eombmatwn wn.h the smfrle low-

pressure cylinder and the pair of hlgh -pres-
sure cylinders, of the valve-seat having the
| single low-pressure port and the pairof ]ZlJlﬂ‘h-
fpress,ure ports, the valve on said seat havmﬂ‘ |
afinal exhaust-port, an d provided with a pair

of high-pressure ports always in communica-

tion W]th the high- pIE‘SHI]le“C} linder clear-

ances, and a pair of igniter-electrodes pro-

Jeetmﬂ one into each of said high-pressure

ports of the valve, and conta,etmn* with the

valve as a cooperative electrode, for* insuring
the explosions, in the re&pebtwe high-pres-
sure cylinders, at the proper times, ander the

‘rravel of the valve, substantially as described.

In an explomve compound engine, the
(301111111:1{1,131011 with a valve-seat having a sin-
¢le low-pressure port and ahigh-pressure port

70

5

30

90 -

of a valve having an exhaust port and pro-
vided with a high-pressure port always in

“ecommunication with the high-pressure-cylin-
‘der ¢learance, an igniter- eleetrode projecting
into said hw*h -pressure port of the valve and

a,da,pted to contact with a surface thereon for

95

igniting the charge, and a valve-gear con-

Stt'ueted and arranged to impart to the said
valve a four-step motlon to wit, one for com-
pression and contact, a second for explosion

in the high-pressure e¢ylinder, a third for com-
pression in the high and admission to the low

pressure cylinder, and a fourth for final ex-

haust from the low and the recharging of the
ubstantlally as de-'_

high pressure 051mder
SGI"Ibed

~ 8. In a compound engine, the combination
with a single low-pressure eyhnder and a paitr

of high-pressure.eylinders, of a valve-seat
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having a single low-pressure port and a pair
of high-pressure ports, a valve having a cen-
tral exhcmst -port and a pair of high- -pressure

ports communicating always Wlth said high-

pressure ports in the seat, and a Va,lve-gear
~constructed and arranged to impart a four-
step motion to said valve, whereby the two
high-pressure cylinders are made to codper-
ate alternately with said single low- -pressure
_c_}lmder, substantially as. deserlbed
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9. In an explosive compound engine, the
combination with a single low-pressure eyl-

inder and a pair of hw‘h -pressure cylinders,

of a valve-seat hzwinﬂ* a single low-pressure

port-and a pair of hlﬂh -pressure ports, avalve
having a central e"'{h&HSt -port and a pair of

high-pressure portsalways in communication
with the cooperating high-pressure ports of

the seat, a pair of igniter-electrodes project-
1ng into said high-pressure ports of the valve
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and adapted 0 contact therewith under the -

‘valve travel, -and a valve-gear constructed

i and arran ﬂ*ed_ toimpart a four-—step motion to
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said valve, for effecting the explosions and
“the complete dlStI‘lbUtIOHb, in theilr proper

order, substantially as described.

10. In an explosive compound en oine, the
combination with a high and a low pressure
cylinder coupled to a eommon'cmnk-shaft, of

areversing-valve mechanism constructed and

arranged to cause the low-pressure cylinder
to act as a pump, when the gear 1s reversed,
while in motion, whereby, under the momen-
tum of the moving parts, air, under pressure,

will be stored in the high-pressure cylinder,
for reversing and starting the engine in the

opposite direction, substantially as deseribed.

11. In an explosive compound engine, the
combination with a single low-pressure cyl-
inder and a pair of high-pressure cylinders,
all cooperating on a common crank-shaft, of a
distribution-valve and valve-seat constructed
and arranged to cause the two high-pressure
cylinders to cobperate alternately with said
single low-pressure cylinder, and a reversing

-leve -gear operative on said valve, with Sald.

alve fm_d cgear so constructed and arranged
that when 1'eve1*se_d, under motion, the low-
pressure cylinder will act as a pump, under
the momentum of the moving parts, whereby

air, under pressure, will be stored alternately
in the two high-pressure cylindersand become |

.
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operative to reverse and start the engine in

the opposite dwecblon substantially as de-
seribed.

12. The combination with the single low-
pressure. cylinder and the pair of high-pres-
sure cylinders, of the valve-seat havmﬂ' a
single low-pressure port centrally loca,ted
and the pair of high-pressure ports, one on

“each side thereof, the distribution-valve on

said seat, having a central exhaust-port and
the pair of high-pressure ports, on opposite
sides thereof, always in communication with
the cooperating high-pressure ports of said
seat, and the reversing valve-gear comprising
a gear-wheel receiving motion from the crank-
shaft, a cam driven thereby and shaped to

impart a four-step motion to said valve, and
means for rotatively shifting the gear-wheel

in respect to the crank-shaft, or vice versa,
for changing the timing of the cam action
and-reversing the engme substantially as
described.

In testimony whereof I a,fﬁ*{ my swnatur
in presence of two witnesses.

ELLIS J. WOOLF.

Witnesses: | |
JAS. I¥. WILLIAMSON,
I'. D. MERCHANT.
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