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. UNITED STATES PATENT OFFICE.

JOSEPH A, WILLIAMS, OF CLEVELAND, OHIO.

' COMPOUND EXPLOSIVE-ENGINE.

n

~ Specification of Letters Patent.

Application filed June 7, 1905, Serial No, 264,035,

Patented July 7, 1908,

To all whom «t may concern:

~ Be it known that I, JosEpa A. WiLLIAMS,

- residing at Cleveland, in the county of Cuya-

10 : J
. sive engines of the four-cycle type, and has
particular reference to means for scavenging

‘hoga and State of Ohio, have invented a cer-
tain new: and useful Improvement in Com-

ound Explosive-Engines, of which the fol-

Jowing is a full, clear, and exact description,
-reference being had to the accompanying

drawings.

My invention relates to compound explo-

~ the high-pressure cylinders by. mesns of air
~ which is drawn through said ecylinders by

15

20

- pointed out in the claims.

suctionproduced by the advance movement
of the piston in the low pressure cylinder.
Varnous details of construction by which the

above stated operation is effected are also
- employed; which details will be hereinafter
set forth in the specification, and

particularly

In the accompanying drawings forming

part of this application:—Figure 1 is a view

~ partly in section and partly in elevation of a

20

compound explosive engine provided with

- my invention, one of the high pressure cylin-
~~ ders and the low pressure cylinder being

shown in section; Fig. 2 is a sectional view

 taken on the line 2-—2 of Fig. 1 and looking

.80

toward the left; and Fig. 3 is a similar view
taken on the line 2—2 and looking toward

the right.. . ' _
. In compound explosive engines, the quan-

~ tity of the explosive mixture employed, and

35

- gine of this type, the exhaust from the low- |

40

also the richness thereof, varies with the con-

dition of service. - When a, large quantity of
normal mixture 1s used in the ordinary en-

pressure cylinder is at a comparatively high

pressure, which represents a considerable
~waste and loss 1n e

ciency. Or, if the en-

~gine be so designed that the exhaust under
~the conditions stated is at a low pressure,

43

50

55 the explosive mixture and, in extreme cases,

.then, when a smaller quantity of mixture, or

a more dilute mixture, is employed, the final
exhaust will be below atmospheric pressure;

“and a consequent loss of efficiency results due

to a back pressure upon the low pressure pis-
ton. Also, the ordinary compound explo-
sive engine 1s non-scavenging, a portion of

the burned gases remaining in the cylinder
-after the coimpletion of the exhaust stroke of

the engine; and, when the quantity of mix-
ture used 1s small, these burned gases dilute

|

may so weaken it as to prevent explosion al-

together. | | S
Tn the engine shown in this application I

have provided means for scavenging the

high-pressure cylinders and for relieving or

supplying the vacuum which the low-pres-
sure eylinder tends to create, by placing upon

- the high-pressure cylinders inlet air valves,

1

11 on the shatt 4.

which admit air to these cylinders whenever

the pressure therein falls materially below
the atmosphere. In case a comparatively
small amount of the explosive mixture or di-

lute mixture is employed, the pressure dur-

ing the exhaust fron. the high

ch pressure cylin-

ders will quickly be reduced below the at-
‘mosphere, and, consequently, & large amount
of air myst be supplied.

As the low-pres-
sure piston will move very rapidly, ‘it will
not be possible-in all cases for the necessary

alr to enter throuch the alr valves on the

high pressure cy_linﬁers; and, to prevent back
pressure under these conditions, 1 also pro-
vide an auxiliary air valve in the low pressure
piston. |

Referring now to the drawings, in which
similar reference characters deésignate corre-
sponding parts throughout the several views,
1 represents the base plate of the engine,
upon which are mounteg{) at 1ts opposite ends
the frame pleces 2, and near the center, the
pillow blocks 3. Journaled in said {rames

60
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and pillow blocks i1s the main or crank shaft

4, upon one end of whiech is the ordinary fiy-

wheel 5. -
~ duitably supported upon the end frames
are the cylinders of the engine, the high-

pressure cylinders being represented at 6 and

7,,and the low-pressure cyhnder at 8, said
low f)l‘essure cylinder being situated between
the high-pressure cylinders. The high-pres-
sure cylinders are provided with pistons 9,

but one of these pistons bemng shown, said

pistons being conneected by rods 10 to eranks
Withim the low-pressure
eylinder 1s a piston 12, which is connected by
a piston rod 13 with cranks 14, also upon the
maln shait 4. The cranks 11 for the high-
pressure cylinders extend from the main

shaft in the same direction, while the cranks

14 extend 1 the opposite direction there-
from, or at an angle of 180 degrees from the
cranks 11. - '
The explosive mixture 15 adnutted to the
high-pressure cylhincers through the pipes 15,
leading from a suitable carbureler. not
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shown, aIid_ through the valves 16, ‘which !

valves are caused to open and close at ap-
riante times by means hereinafter de-
scribed. From the
the exploded gases are exhausted through
pipes 17 and 18 into the low-pressure cylin-
der 8. The pipes 17 and 18 are connected at
their adjacent ends to valve casings 19, with-
in which are mounted for reciprocation

r
-

valves 20, said valves having upwardly ex-

tending, stems 21, by which they can be op-

erated. at the proper time by means here- |

inafter described. From the low-pressure
cylinder the gases are exhausted through a
Ei}?e 22,.admission of the-gases to said pipe

" being eontrolled by a valve 23, having an up-

wardly extending stem 24, the operation of

 said valve being controlled by means engag-

20

Ing

affer described. All of the valves herembe-

fore referred to are normally maintained 1

closed position by means of springs 25 which

. surround the valve stems, and hift the same

25

30

upwardly. - . .
Keyed or otherwise secured to the main or
crank shaft is a pinion 26 which meshes with,

a gear 97 on the cam shaft 28. The shaft 28

is journaled in the end frames of the engine,

and is provided with a series of cams for con--

trolling the operation of the various valves
heretofore described. The gear 27 .1s. pro-
vided with twice as many teeth as the pmion
26, so that the crank shaft 4 makes two rota-

" tions for a single rotation of the cam shaft.

30

The valve 16, which controls the admis-
sion of the explosive mixture to the cylinder

- 6, is operated by a cam 29 on the shaft 28,

40

" of the valve 16.

45

~ valve will be thus opened.

said cam being

properly guided in the frame of the engine,
an |
a lever 31, said lever being pivoted at 32 and
engaging at 1ts o
f . hen the rod 30 is lifted,
the valve stem will be pushed downwardly

against the tension of its spring 25, and the.
The exhaust.

_valve 20 is similarly operated through the

‘medium of a cam 33 on the cam shaft, said

cam being adapted to lift a rod 34 that 1s
connected at its upper end to a pivoted lever

35, said lever engaging the stem of the valve

" 91 to force it from its seat when the rod 1s

59

 lifted. The cam 33 is similar in shape to the

cam 29, but it is placed at an angle of 90 de-
grees therefrom. The valve 23 1s operated
by the cam 36 on the shaft 28, sald cam hav-

mne

 lobes extending from said shaft substan-

60

65

tially in line with the cam 29. - This cam
serves to.lift a rod 37, see Kig. 1, which rad 1s
connected at its upper end to a pivoted lever
38 that engages wit
23 in the same manner as. the lever 31 en-
gages 1ts valve stem, as heretofore described.

high-pressure cylinders described, and by a cam 33’

with said stem, said means being herein- |

of the form shown in Fig. 2.
This cam is adapted to lift a rod-30, which 1s-

is secured at its upper end to one end of

osite end with the stem-

.of the atmosphere as to open

two .diametrically opposite lobes, sald

the-stem 24 of the valve

802,700

The valve within the casiug 19 to the right

is operated by a rod 34’ and a lever 35, ex-~
actly like the rod 34 and lever 385 heretofore
like the cam 33,
except that it is arranged 180 degrees about
the shaft from the cam 33, so that the two
exhaust valves 20 are lifted during different
rotations of the crank shaft.. Similarly, the
inlet valve for the cylinder 7 is operated by a

' rod 30/, and by a cam 3, not shown, like the

70

75

cam 20 except that it is also arranged 180 -

degrees about the shaft from the latter cam.

By this arrangement, the inlet and the ex-

haust valves for one of the high-pressure

cylinders are operated during that rotation

80

of the crank shaft following the one when
these corresponding valves for the other high-

pressure cylinders are- operated:

From the above description it will be un-"

derstood that when the low-pressure piston

85

12 descends, the exploded mixture 1n one or - -
the other of the high-pressure cylinders will -~

be exhausted into the low-pressure cylinder.

As the capacity of the low-pressure cylinder

is much greater than that of either of the
high-pressure cylinders the pressure in the

latter falls during exhaust, and before the
low-pressure piston has reached the end

of its downward movement, the pressure
has dropped below that of the atmosphere.
"When this oecurs a valve 39 on one or
- the other of the high-pressure eylinders is

opened, so that air 1s admitted into this ¢yl-
inder at the latter part of its exhaust, said
air passing through the cylinder that 18 ex-
hausting and the pipes 17 and 18 into the
low-pressure cylinder. 'This blast of air com-
ing - through the high pressure cylinders
sweeps out all of the burned gases and also
tends to cool thie high pressure cylinders.

" The valves 39 for the cylinders 6 and 7 are

respectively -controlled by cam grooves or
races 40 and 40’ which are cut in the facesof

the gear wheel 27 and the cam disk 41 respec-
tively, said cam .disk bemg mounted. on the

cam shaft. These valves are opened by the

atmosphere, if permitted, when the pressure
in their respective cylinders falls materially

90

05

100
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below atmospheri¢ pressure. There will, of

course, be no tendency for them to open dur-
‘ing the compression or the on.
but, in case a comparatively smali

explosion of the
cases;

amount of the mixture is admitted, the pres-

115

sure in the cylinder may fall so far below that

the valves 39,
which would admit too much air during the
intake and thus weaken the mixture.

The

120

valves are, therefore, held shut normally, and : |

are only permitted to open during the period
of exhaust from the high-pressure cylinders.
For this purpose rollers on the ends of rods 42
and 42 travel within the cam rhces 40U and
40/, said rods being connected to rocking le-
vers 43. - The cam races are concentric with
the cam shaft throughout three quarters of

15¢
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their fengths, and this part of the race is only.

wide enough to permit their respective roli-
ers to work freely therein. In the remsining
quarter of the length of the grooves or races

they are enlarged, as st ¢ and 0, so as to give

the rollers freedom to lift. When the pres-
sure in the cylinders falls materially below
that of the atmosphere during the exhaust,

~the valves 39 may open to admit air, after

10

- reached.

which they are again held shut by the cam
ocrooves until the next period of exhaust is

When small charges of the explosive mix-

ture are employed, the pressure in the cylin-

*i
>

s
R

; ders 8 and 7 quickly falls below that of the.
- atmosphere during exhaust, and there 18

danger of the production of ‘'a partial vacuum

in these cylinders, which would diminish the

efficiency of the engine. To provide against
such contingency, i place a valve 44 in the
piston 12 of the low pressure.cylinder, said
valve being held normally against 1ts seat by
a spring 45. In case the pressure above the
piston should become too low during exhaust
this valve 44 opens and admits alr through
the piston into the cylinder. At such time,
the valve 23 which controls the exhaust {rom

the. low pressure cylinder may also open

30

backwardly and permit the exhausted gases
to veturn to the low pressure eyhnder.
All of the cvlinders of the engine are pro-

vided with water jackets 46 to prevent thein

~able form of device of this

‘hag just passed the end of t

from becoming too hot, the water being

preferably suvplied to said jackets through

the pipes 47, and being conducted from the
eylinders through the pipes 48. '
At 49, see Fig. 2, 1s shown a sparking de-

vice by which the charges in the high pres-

gnited. - Any suit-
) . character can be
adopted and 1t 1s not deemed necessary to

sure cylinders may be 1

~ show or describe the same any more fully.

- The piston 9 in the cylinder 6 18 shown at
the end of its intake stroke, and compression
of the gases is ready to begin. The cam 29

%1@ rod 30, and the
vaive 16 has closed.  As the piston moves

| -{_';pxi,vm*dly to compress the gases in the cylin-

cer 6, the piston 12 1n the cylinder 3 moves
aownwardiy, said latter cylinder receiving
the exploded gases from cylinder 7, which 1s

- now exhausting, its piston moving upwardly

20

&Y

eyiinders downward, and causes the piston

in unison with the piston in eylinder 6. Con-

sequently, the valve 20 between cylinders 7

and 8 must be opened at substauntially the
same instant that valve 18 on cvlinder 6
closes, and the cams 29 and 33" must be so
placed as to effect this operation. Hollowing
tiie compression stroke of the piston i eylin-

«er 8 comes the éxplosion in this cylinder,

which drives the pistons in the high-pressure

12 to ;ise.  Ag the latter starts upwardly the

rmain exhaust valve 23 1s opened by its cam | .
- 3 03 . - » . - . ¥ " . . _ o N ' .
45 25, and, at the same instant, the intake valve | groove in the cam preventing the opening of 180

il

25

16 for cylinder 7 opens. The cams for oper-
ating these valves must therefore, be so ar-
ranged as to open the valves atsubstantially

the instant the piston in cylinder § starts on

‘its explosion stroke. IFoilowing this stroke

comes the upward stroke of exhaust, at the
beginning of which the valve 20, between
cyﬁmderg 6 and 8, must be opened by its cam
33 to permit the exploded gases to pass mto

the lstter cylinder,, the piston 1 which 1s

driven downwardly thereby. The cylinder
8 being of much greater capacity than cyhn-
der 8, the pressure in the latter rapidly falls
until it dreps below that of the atmosphere,
when the air valve 39 opens to scavenge and

cool the cylinder 6, the enlargement ¢ in the

cam race 40 having reached the roller on the -

rod 42 so as to permit of this operation.
While the exhsust in cylinder 6 1s taking
place, the mixture in cylinder 7 1s being com-
pressed. At the completion of the exhaust,
the piston in cylinder 6 starts on its mtake
stroke, at which instant valves 20 and 39
communicating with said cylinder must be
closed and the valve 16 opened. The en-
largement ¢ in the cam race 40, must, there-
fore, have passed theroller on the rod 42, and
sald rolier must have entered the narrow and
conceniric part ol the cam-race.
cam 33 must have passed the rod 34, and
the cam 29 must nave opened the valve 16.

Also, the

70

15

80

85

80

During the intake for cylinder 6 the piston in I

cyhinder 7 is driven downwardly by the ex-
plosion therein, while the piston 12 moves
upwardly to drive cut the gases from cylin-
der 8 the main exhaust valve 23 having
again opened to permit this operation. At
the end of the intake movement of the piston

in cyliinder &, the engine has completed its’

cycle of operation. , -

Having thus described my mnvention what
I claim as new and desirs to secure by Let-
ters-Patent 18— *

1. In & compound explosive engine, a

high -pressure cylinder, & valve connected
with said high-opressure eylinder through
which air may- be admitted thereto during
the exhaust from the said cylinder, means

for preventing sax! valve from opening ex-

100

105

110

cept during the exhaust fromn the high-pres- 115

sure cylinder, and a second valve througn
which the air i1s drawn from the cylinder,
said air scavenging and cooling the cylinder.

2. In a compound explosive- engine, a
high-pressure cylinder, a low-pressure cylim- 120

der connected therewith, a valve connect-
ed with said migh-pressure cylinder opposite
the connections with the low-pressure cylin-
der through which air may be admitted into

said evlinder during the exhaust therefrom, 125

whereby the said cylinder is scavenged and
cooled, a grooved cam, means for operating

sald cam, and connections {from sald cam to

sald valve whereby the latter is operated, the
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. iy

high-pressure

= P

the valve except during the exhaust from the
high-pressure cylinder. o :

3. In a compound explosive engine, a
cylinder, a low pressure cylin-
der, an exhaust passage for gases connecting

said eylinders, a valve controlling said pas-

sage, means for opening said valve, a valve

- for admitting air into said high pressure cyl-

10

inder whereby

said passage, and means _
‘said air valve from opening except when the

he latter is scavenged and

cooled the latter valve being opposite the
for preventing the

“valve in the exhaust passage is opened.

15

20

30

45

- » a0

high-pressure

4 Tn a compound explosive engine, a
cylinder, a low-pressure cyln-
der, an exhaust passage for gases connecting

said cylinders, a valve controlling said pas-

sage, means for opening said valve, a valve

for admitting air into said high pressure cyl--

inder whereby the latter is scavenged and
cooled the latter valve being opposite the
said passage, a driven cam, and means con-
necting said

hold the air valve closed except when the

valve in the exhaust passage is opened.

5 In a compound explosive engine, a
high-pressure cylinder, a low-pressure cylin-

‘der, an exhaust passage for gases connecting

said cylinders, a valve controlling said pas-

sage, means for opening said valve, a valve

for admitting air into the high-pressure cyl-

inder whereby the said cylinder is scavenged
and cooled, & grooved cam, and connections

-

between the groove in the cam and the air
said valve, sald groove

valve for operating
heing adapted to hold the air valve closed

except during the exhaust from’ the "high-

pressure cylinder. = _ _
6. In a compound explosive engme, a plu-
rality of high-pressure cylinders, low-pres-

sure eylinder, and passageways between each |

of said high-pressure cylmders and the low-
pressure cylinder through which the exhaust
from the ni h-—{)ressure cylinders into the low-
pressure cyinder may take place, valves con-
trolling the said passages, valves for admit-
ting air intc the respective high-pressure cyl-
inders at points opposite their respective
passageways during the exhausts therefrom,
whereby the high-pressure cylinders are

seavenced and cooled, mechanism for alter-

‘nately opening the valves n the said passage-

cams for controlling the air valves,
being adapted to hold the valves
the exhausts from their

ways, and
sald cams
closed except auring

 respective high-pressure cylinders.

60

7 In a compound explosive engme, a
high-pressure cylinder, a low-pressure cylin-
der connected therewith, the low-pressure
cylinder being of so much oreater capacity

than the high-pressure cylinder that the suc-

tion therefrom reduces thie pressure i the
high-pressure cylinder below that of the at-~

-

mospiere, a valve connected with the bigh-

| cam and air valve whereby the-
latter is operated, said cam bemg adapted to:

J

| spective connections with the low pressure
| cylinder,said valve

Qi'ality of high-p
sure cylinder connections
‘pressure

spective high-pressure cylinders

Tnected therewith into which the

“which -air may
‘when the pressure thus falls to scavenge

892,790

pressure cylinder opposite its connection
with the low-pressure cylinder for admitting
air to said high pressure cylinder during its
exhaust, whereby said cylmder is scavenged

e o —

haust from the high-pressure cylinder.

3. In a compound explosive engine, a piu-
ressure cylinders, a low-pres-
. between the low-
cylinder and each of the high-pres-
sure cylinders, the low-pressure ‘cylinder be-
ing of so mucli greater capacity than either of

| the high-pressure cylinders that the suction

from the low-pressure cylinder reduces ine
pressure in the high-pressure cylinder that 1z
exhausting below that
sure cylinders at points opposite their re-
being adapted to open by
alr pressure when the pressure in their re-
has fallen
below the atmosphere, whereby
ders are scavenged and cooled. during ex-
haust, and means to prevent said air valves
from opening except during the exhaust from
their respective high-pressure cylinders.

9. In a compound explosive engine, a high-

pressure cylinder, a low-pressure cylinder con-
. . high-pressure
cylinder is adapted to exhaust, sald low-pres-
sure cylinder being of such a capacity that
the gases within, said cylinders during ex-
haust gl
piston in 'said cylinders, a valve connected
with the high - pressure cylinder through
be admitted to said cylinder
, » and
cool the cylinder, and a relief valve in the pis-
:on of the low-pressure cylinder that is adapt-
od to open by air pressure to prevent excess-

ive back pressure on said low-pressure piston.

10. In a compound explosive engine, a

' high-pressure cylinder, a low-pressure cylin-
der connected therewith into which the high-

ressure cylinder is adapted to exhaust, sald

ity that the pressure of the gases within said

cylinders during exhaust falls below that of

i

“cylinder that is _
‘gure -to prevent excessive back pressure on

the atmospherée, p
valve connected with the
inder, through which air may |
<aid ovlinder when the pressure thus falls to
scavenge and cool the cylinder, & cam, con-
ections between said cam and the valve for
holding the latter closed except during the
exhaust from the high-pressure cylinder, and
o relief valve in the piston of the low-pressure
adapted to open by air pres-

high-pressure ¢yl-

said low-pressure piston.

and cooled, and means for preventing said ;
valve from opening excepb during the ex-

D of the atmosphere,
valves connected with each of the high-pres-

falls below that of the atmosphere, a o

ow-pressure cylinder being of such a-capac-.

11D
istons in said cylinders, a

75

said cylin-

90

c.r‘
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105

110

be admitted to -

120

125

1. Tn a compound eéxplosive engine, a.

| high-pressure cylinder, a low-pressure evlin-

er connected therewith into which the high-

120



ity the

802,790

+

essure cylinder being of such a capac-
at the pressure of the gases within said

cylinders during exhaust falls below that of

.y

the atmosphere, pistons in said cylinders, a
valve connected with the high-pressure cylin-

der through which air may be admitted to

~ saild cylin

er when the pressure thus falls to

" scavenge and cvol the cylinder, a grooved

19

‘cam, connections between the groove of said

- cam and the said valve for controlling the

latter, the groove in the cam being adapted

~ to hold the valve closed except during the ex-
- haust from the high-pressure cylinder, and a

15

relief valve in-the piston of the low-pressure

~ cylinder that is adapted to open by air pres-

~ sure to prevent excessive back pressure on

20

said low-pressure cylinder.
12. In a compound explosive engine, a

plurality of high-pressure cylinders, a low-
| E];essure cylix?&%rconnected with each of said.

gh-pressure eylinders into which the high-

..pressura_ cylinders are adapted to exhaust,

95

said low-pressure cylinder being of so much
greater capacity than either of the high-pres-

i

&2

within the exhausting cylinder and the low-
pressure cylinder falls below that of the at-
mosphere, pistons in all of said cylinders,

‘valves connected with the high-pressure cyl-

})r_essura cylindef is adﬁpted to exhaust , said | sure _cylindei's that the preSSuré of the gasées =

30

inders during the exhaust to scavenge and

cool the exhausting cylinder, and a relief
valve in the piston of the low-pressure cylin-

der that is adapted to open-by air pressure to

prevent excessive back pressure on the piston.

13. In a combined explosive engine, & high .
pressure cylinder connected thereto, a crank

shaft, a valve for admitting air to said high
pressure cylinder during the exhaust from
the high pressure cylinder into the low pres-
sure cylinder, and means controlled by the
crank shaft for preventing said valve from
opeéning except during the exhaust from the
high pressure eylinder. .. =

n testimony whereof I affix my signature
in the presence of two witnesses. '

JOSEPH A. WILLIAMS.

Witnhesses: |
S. K. Fours,
B. W. BROCKETT.
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