988,704.

C. E. GOODRICH,
EXPLOSIVE ENGINE,
APPLIOATION FILED MAR. 16, 1910,

Patented Apr. 4,1911.

3 BHEETS8—SHEET 1.

WITNESSES:
VDen yoste,

INVENTOR
Chrarites Ll Goodrieh

! s, ,.é'
o 7

ATTORNEYS



C. E. GOODRICH.
EXPLOSIVE ENGINE,
APPLIOATION FILED MAR. 16, 1910,

088,704. | Patented Apr. 4, 1911,

3 BEEETS-B8HEET 2.

AT

W/TNESL?-ES: //WE/VTOR.
Charies B Coodrich

: BY

%Amﬁh) ATTORNEYS



C. E. GOODRICH.
EXPLOSIVE ENGINE,

988’704. APPLIOATION FILED MAR.16, 1810 Patented Apr. 4’ 1911

3 SEEETS—SHEET 3.

2o 7'2-7:4:
/ ' [S—
g

-
e.

1, N

g

&

/

|, 17
Py
WITNESSES: e T ' ;] ' JNVENTOR
2 5 - , =] 4 [oF jem | Chwerdes £ Goodricsy

S & & 8 o By Z g
N3

. ‘ ATTORNEYS



UNITED STATES PATENT OFFICE.

CHARLES EBENEEZER GOODRICH, OF DAGGETT, CALIFORNIA, ASSIGNOR OF ONE-HALF
: TO JOHN H. SLOAN, OF BARSTOW, CALIFORNIA. ’ '

EXPLOSIVE-ENGINE.

988,704,

Specification of Letters Patent.

Application filed March 16, 1910.

Patented Apr. 4, 1911,
Serial No. 549,590.

To all whom 1t may concern:

Be it known that I. Cuaseres E. Goop-
rictr, a citizen of the United States, and a
resident of Daggett, in the county of San

5 Bernardine and State of California, have

~invented a new and Improved Iixplostve-
Engine, of which the following is a full,
clear, and exact description.

_ Among the principal objects which the

10- present invention has in view are: To pro-

vide # double oscillating piston arranged to
produce a continuous reciprocating of a pit-

" mianand arocking shaft connected therewith;

to provide a plurality of explosion cham-

15 bers each operable from both ends thereof;

to provide a multiple reciprocating motor
of the explosive type radially disposed about
a rotary drviving shaft having a fly wheel
and designed to conform to the size of said

20.fly wheel; to provide a plurality of hollow

sector-shaped explogsion chambers radially

disposed about a driving shaft provided-

with a fly wheel, said sectors being separated
to provide holding spaces for the valve

25 mountings and operating mechanism there-
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for; and to provide a multiple unit explo-
sion motor radially disposed about the driv-
ing shaft of the engine and having oscillated
pistons rotatably mounted upon said driv-
ing shaft and a translating mechanism for
_converting the reciprocated motion of the
pistons to a rotary motion of the shaft.

One embodiment of the present invention
is disclosed in the structure illustrated in
‘the accompanying drawings, in which like
characters of reference denote corvespond-
ing parts in all the views, and in which—

Figure 1 is a plan view partly in section,
of ‘an engine constructed -and arranged in
“aecordance with the preseht invention, the
section being taken on the line 1—1 in Fig.
9 Fig. 2 is a'side elevation, partly in section,
of the same, the section being taken on the
Jine 2—2 in ¥ig. 1; Fig. 3 is a vertical sec-
tion of the oscillating pistons employed in
the -present construction, the section being
taken on the line 3--3 in Fig. 4; Fig. 4 is a
‘detail view in side elevation, showing the
~oscillating piston and the hub thereof; and
‘Fig. 5 is a sectional view taken on the line
5—3 in
port passages of the valve chests. . .

In the construction of every engine cer-

ig. 2, showing the face plate and |

tain features are necessary to the efficiency
and operation of the same. One of these
features may bestated as being the fly wheel
with which the engine is provided. To con-
fine the cubic space occupied by the engine,
the shape and size of the fly wheel should
be taken into account.

In the present invention 1 have con-
structed and disposed the engine parts as
nearly as possible within the area of the fly
wheel of the engine. In doing this 1 have
attained the most compact form for the
engine without limiting the piston area. To
do this T have formed oppositely extended
sectors 6. 6. -The scetors 6, 6 are provided
with hollow c¢hantbers 7, 7 opening toward

the center to surround the hub of oscillatjng.

piston heads 8, 8. The sectors 6, 6 are con-
sirneted in two sections, the upper and
lower, being parted on a hovizontal central
line 9, the lower section forming and being
sast with the bed 10, Digposed about the
periphery and side walls of the sectors 6, 6
to surround the chambers 7, 7 are water
circulating spaces 11, 11. The upper and
lower sectors are bolted together by bolts 12,
12 in the usnal manner. The chambers 7, 7
are radiated from the center af the hub 13
of the piston heads, 8; 8, the said hub being
held in separated and bearving relation by
curved walls 14, 14 of the meeting portiens
of the said sectors.” The piston heads 8, 8
are formed as shown in Figs. 8 and-4 of the
drawings, having hecads 15, 15 formed to
the circumferential shape of the chambers
7.7. Between the heads 15, 15 and the hub
13 are extended Solid walls 16, 16 constitut-
ing the pistons in the present invention.
The walls 16, 16 ave provided with Jateral
edge, flanges 17, 17 radially disposed, as
shown in Fig, 8 of the drawings, whereby
the edges of the said flanges may rest against
the ends of the chambers 7, 7 to form a
pocket between the walls 16, the said flanges
and the ends of the said chambers, as shown
in Fig. 2 of the drawings. ‘

As will be hereinafter set forth, the pis-

- tons 8, 8 are oscillated about the driving

shaft of the engine, while the driving shaft
is continuously rotated in a constant direc-
tion. . The hub 13 of the pistons is enlarged

to provide water circulating spaces 19, 19,

suitably connected with the water circulat-

60

65

70

75

80

90

100

105



10

15

2

ing spaces 1i, 11, protecting a hollow sleeve
20 and the bearing 21 therefor. The bearing

- 21 ig fitted snugly over the shaft 18 to run

truly thereon. - At the outer extremity of
the elongated end of the sleeve 20 the said
sleeve is provided with a key 22 to hold in
fixed relation a crank arm 93, as shown in
Tigs. 1 and 2 of the drawings. The crank
arm 23 is pivotally secured by means of a
pin 24 to a crank rod 25. The crank rod 25
1s pivotally secured by means of a pin 26 to
a crank arm 27, fixedly ‘'mounted upon a
shatft 98. The shaft 28.s suitably mounted
in bearing boxes 29, 29 furmed at the head
of standards 380, 30, which are properly se-
cured in fixed relation upon the bed 10.

 The shaft 28 is provided at the extremity

20

opposite that whereon is mounted the crank
arm 27 with a crank arm 31.  The crank
arm 31 is connected by means of a pin 32,

a pitman 33 and a pin 34 to-a disk 35.. The |-

radial dispositions of the pins 32 and 34 are

" so proportioned that the arc of the move-
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ment of the pin 32 on the crank arm 31

equals in length the path of half of the.

outer civeular path of the pin 34, or, stated
in other words, the rock of the crank arm

31 in each direction produces.a complete

half revolution of the disk 85. The disk 85
is fixedly secured by means of a key 36 upon
the shaft 18. By means of a key 37, a fly
wheel 88 is fixedly attached to the said
shaft 18 at the end thereof opposite that
carrying the disk 85. It wwill now be seen
that as the pistons 8, 8 are rocked about the
shaft 18, the said shaft 18 and fly wheel 38
connected therewith, arve driven in a con-
tinuous and con tant rotary direction by

reason of theé (ranslating mechanism con-

sisting of the crauk arm 23, crank rod 25,

 crank arm 27, shaft 28, crank arm 381, pit-

50

man 38 and disk 35 interposed between and
connecting the said pistons and said shaft.

The pistons 8, 8 are oscillated by explo-
sions of an explosive mixture admitted and
confined under proper conditions within the

chambers 7, 7 and upon opposite sides of the’|

walls 16, 16 of the said pistons. The ex-
plosive mixture is the usunal mixture of gas
and air, and is admitted to intake chambers

-39, 89 of each of the valve casings 40, 40.
~The casings 40, 40 are each provided with

55

an intake chamber 89 and an exhaust cham-
ber 41. The said chambers are divided by
a wall 42, and are each connected through
ports formed in a wall 48 with a passage
44 formed in open communication with the

. interior of the chambers 7. FRach. of the

60

ports in the wall 43 is closed by a valve 45,
having a valve stem 46 extended through the

" outer wall of the casing 40 and provided

65

with a washer 47 adjustably mounted there-
on by a set nut 48. The stems 46 are cach
provided: with a head 49, whereby the va-
rious valves may be depressed to remove

988,704

the said valves from the seat against the
expansion of a spring 50 surrounding each
of the said stems 46.

The casings 40, 40 are each similar, and
are mounted upon the sectors 6,6 by being
bolted to the ends thereof by means of bolts
51, 51. By means of this arrangement the
casings are disposed on opposite sides of the
pistons 8, 8, thereby being adapted to cause
an explosion on each side of the said pis-
tons within the chambers 7, 7, and to scav-
enge on each side of the said pistons. Ad-
mission of the explosive mixtare and the
exhaust of .the products of combustion are
controlled by the valves 45, controlling the
passage into and out of the chambers 39, 89

" and 41, 41 respectively. It will be under-

stood that the valves 45 will be constructed
to ditnensions suitable for the employment
in their respective operations.

Tt will be noticed that the disposition of
the casings 40, 40 is such that they are not
extended beyond the circumferential line.
of the cylindrical shape of the sectors 6, 8.
The operating mechanism for the valves is
likewise disposed within the space between

“the sectors and within the projected circum-

ferential line thereof. The engines of which
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the pistons 8 and chambers 7 constitute the

principal elements are of the four cycle type,
therefore gear wheels 52, 52 are suitably

proportioned. to a gear wheel 53 in such .

manner as to operate the valves constantly
with the known action of engines of this
type, and with regard to the alternate action
and opposite disposition of the valves with
relation to the chgmbers 7. o

A shaft 54 is provided with cams 35 and.
56. " The cams 55, as shown in Fig. 1 of the
drawings, are disposed in the path.of rollers
57 mounted on the ends of lifting pins 58.

100

105

The pins 58 are guidably mounted in'brack-

ets 59, 59, and the upper ends extend under
the tail 60 of a rocking lever 61, the spatula -
end 62 whereof rests upon the head 49 of
the valve stem 46. The connecting mecha-
nism for operating the valves is duplicated
for the cams 56, which as shown in Fig. 2
of the drawing$, rotates in the path of-

wheels 63 mounted an the énds of pins 64.

for conirolling the: operation of the intake
valves for the chambers 7. The cams 55
and 56 are disposed in proper timed rela-
tion. The said cams are oppositely disposed
on the shaft 54 mounted on opposite sides’
of the engine, whereby the valves are mutu-
ally synchronized with reference to each
other and with reference to the double ae-
tion of the pistons 8, 8 in the chambers 7,
Mounted upon the shafts 54 are suitable-

110

115

120

125

rotary electric igniters 65, 65. The station--

ary outer casing is provided with suitable
terminals 66, 66 properly disposed with ref-
evence to.the coil and spark plugs 67, 67.
The casings are connected by a rod 68, by

130
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- heen voided from the lower chamber
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moving which the sparkers may be ad-
vanced or receded with reference to the com-
pression of the pistons 8, 8. The chambers
39, 39 are provided with inlet and exhaust
pipes 69 and 70, as shown in Figs. 1 and 3.

Assuming that the pistons 8, 8 are dis-
posed as shown in Fig. 2 of the drawings;
and that the explosive mixtureis compressed
to the right of the upper extension of the
piston 8 in the upper c{mmber 7, the opera-
tion is as follows: The spark being produceil
in the plug 67 at the right of the upper
chamber 7, explosion oceurs in the aid
chamber to the right of the said upper ex-
tension-of the piston 8, driving the said up-
extension of the piston to the left. By
the samte movement which previouzly dis-
posed the upper extension of the piston 8
at the right of the upper chamber 7, the
lower extension of the piston 8 has been
moved to the left of the lower chamber T.
In the action of the lower extension of the
piston 8 there has been drawn into the lowgr
chamber 7 a fresh charge of the explosive
mixture to the right of the lower extensien
of the piston 8. Simultaneously there has
7 the
dead charge of a previous explosion. When
now the explosion just above described oc-
curs in the upper chamber 7, the dead
charge of a previous explosion in the said
npper chamber 7 is voided throngh the
exhaust ports 45 to the left of the said upper
chamber 7. Simultaneously with this move-
ment the piston 8 in the lower chamler 7
is carried to the right, compressing the
charge of fresh explosive mixture ot the
right of the said lower chamber 7. When
the said Tower extension of the piston 8 has
been thus moved to the right, a fresh charge
of explosive mixture has been drawn into

" the said lower chamber 7 to the left of the

45
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piston 8 therein, At this instant, the .en-
gine is in the position where a compressed
charge of explosive mixture 18 held to the

“right of the lower extension of-the piston 8

in the lower chamber 73 a loose trech charge
of explosive mixture-is held to the left of
the lower extension of the piston 8 in the
came lower chamber 7; and in the upper
chamber 7 to the vight of the upper exten-
sion of the piston B 1s 2 dead or combusted
charge of explosive mixture. The ports i
the lower chamber 7 on both sides of the
cqidk lower chamber ave closed. The intulee
port to the left of the apper extension of
the piston 8 in the upper chamber 7 has just
been, or is on the point of, opening.  The ex-
haust port on the right of the upper cham-
ber 7 has opened, or is on the peint of open-
ing. The second explosion of the series be-
ing desreribed now “oeenrs, eansed by o spark
in the plig 67 at the right of the lower
chamber 7.- This second explogion moves

the lower extension of the piston. 8 to the

8

left of the lower chamber 7, comipressing
the explosive mixture therein and to the leit
ot the said piston 8. In the upper chamber
7 the upper extension of the piston 8 15
moved to the right, foreing through the in-
take valve to the left of the upper chamber
7 a fresh charge of explesive mixture. At
tliis instant the engine is in position where,
in the lower chamber. to the vight of the
pisten 8, the said chamber is filled with a
deadt. charge; to the left in the said cham-
ber i# a compressed charge veady for explo-
sion; in the upper chamber, to the left of
the piston &, ix a loose fresh charge of ex-
plosive mixture: while to the right the old
chiarge has been completely voided. At this
poment a spark is cavsed in the lower
chamber 7 to the left of the piston 8, mov-
ing the wame to the right of the chamber,

A

the exhaust port to the right of the said
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chamber being open to permit the scavenging

ofMhe dead charge of combusted material,
The npper extension of the piston 8 has been
moved to the left, compressing in the left
of the upper chamber T the explosive mix-
ture, while to the right of the said upper
chamber and extension of the piston 8 there-

i has been drawn a fresh charge of explo--

cive mixture. At this moment, after. the
three explosions, the 'engine is 1n the condi-
tion where; in the lower chamber on the

right of the piston 8, the .dead charge has
heen voided ; to the left of the piston 8, and
filling the major portion of the said lower
chamber 7, is the combusted or dead charoe
of the former explosion; in the upper chain-
ber 7 is held under compression a fresh
charge i
7+ while at the right of the piston 8 in- the
said upper chamber 7 is drawn 2 loose fresh
charge of explosive mixture. At this mo-
ment the fourth explosion is produced by
causing a spark in the plug 67 to the left of
the upper chamber 7. With this explosion
the evele is completed and the parts are re-
turned to the position above set forth at the
commencement of this description. It will

T observed that the explosions have been

curecssive, and progressively arranged, and
i ihe direction opposite to that followed by
the wheel 38 and shaft connected therewith.
By weans of this arrangement the cams 55
and 56 are rotatively actuated over an are
of 2707, the proper digposition for the cams
for operating the infake and exhaust valves
i engines of the four-cycle type. As a
rosult of the action above described it will
Le noticed that at each quarter of the rota-
Gion of the shaft 18 a forward impulse is
imparted by one of the four explosions
transpiving in the two chambers 7.

1t will be observed that within a confined
cpace there has heen produced an engine,
(he piston avea whereof is exceedingly large
and (he power production exceedingly great.
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at the left of the said upper chamber
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30 and said radially extended arm; means for
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It will also be observed. that the power im-
pulse imparted to the shaft is even and con-
stant, thereby equalizing and nullifying the
vibration dué to the direct reciprocation of

5-a double impulse engine,

Having thus described my inveution, what
I claim as new and desire to securs by Let-~
ters Patent is:— .

An_ explosive engine, comprising a driv-
ing shaft provided with a cravk arm; two
hollow sector-shaped explosion chambers
disposed radially about said driving shaft
and extended 4in opposite ‘directions there-
from having straight radially disposed ends;
walls separated to form recesses for valves
and mechanism for controiling said valves;
two oppositely extended piston blades in-
tegrally comnected to iorm a central hub
bearing rotatively mounted on said

0 shaft, said piston hiades being opera-

tively extended in sald explosion chambers
and said blades having extended bearing
ends dispesed in ovided relation with the
cylindrical walls .+f said chambers; a radially
extended arm fixedly conneccted with said
pistons beyond the confines. of said cham-
bers; a cruck arm fixedly mounted on said

driving sbaft; a’ plurality of pivotally

_united pitmen connecting said crank arm

988,704

guiding the united ends of said pitmen in -

a straight path; a plurality of valve mecha-
nisms disposed on each of the said end walls
of said chambers and having passages
through said walls to within said chambers;
a plurality of cam shafts mounted in bear-
ings supported on said radial walls, said
shafts being extended in parallel relation
to the driving shaft; a plurality of cams
mounted on said shafts and arranged in
quadrated velation, said cams adapted to
operate the similar valves in the adjacent
valve operating mechanism at intervals of a
quarter turn of said shafts; an ignition
system embodying four igniters, two of
which are mounted in each of said explosion
chambers and one of which is disposed ad-
jacent to each of the radial sides in said
chambers; and a timing mechanism for op-
erating the said igniters in rotative succes-
sien and in a votary direction the reverse
of that imparted to the driving shaft.

In testimony whereof I have signed this
specification 1m the presence of two sub-
seribing witnesses.

CHARLES EBENEEZER GOODRICH.

Witnesses: .
-X.. L. Mupcerr,
J. O. Wiite.
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