K. A. MAPLES.
EXPLOSIVE ENGINE,
APPLIOATION FILED APR. 29, 1907,

905,727, . - Patented' Dec. 1,1908.-

8 SHEETS—BHEET 1.

. 84 W lsdl se I J I S0
. e - _ - s

21T ! - ZoT

63

ﬁwﬁa/’a&A Mapl&s Inventor
By

%vtmaww . o

A \V 7 —
04'

- .ﬂtt&zmcg

4
>,




~ EXPLOSIVE ENGINE,
APPLICATION FILED APR. 29, 1907,

R. A, MAPLES.

Patented Dec. 1. 1908.

905,727,

- 8 BHEETS—SHEET 3. .

““““““““

—
B

v)?ﬂh&h\

'
¥/

RS EEEEEFEYEEEyy

ittt o T S — -

|

PR FEEriBEEFEELN Py

e,
Y
7.
A

e e T 2 1 LA

il

2

it

il

il

m..ul.

wFEFErys,

Yy rrrYry”
Ny,

p AN EFIPERY
.

d __I7’Y
L [

A\ S W 4117

oF L A X F

N
h
b Y

FE s EEFEFEVryy,

wees JIHHIIIIYY

(L L T T Y

Il'l'l#i.l.

7

71/

e

Neyvery N

o |

e ST

L/

7

7

7i

— IIIII'II.IT"IIIIII..I.[E'.II e e wE

l#lltl-:ll-rrltll--'l

AR Y/

AN

\\\l
N

L7

7

/7
(L

R

(LY

7

.\h‘ﬁ\.ﬁ\\\\\h\.\ﬁﬁh\i\\\ﬁ\i

/

DN

}\\\\\\\\\\\K

NN,
.

LIS LI A Y,

/11114

N

KILTETIIOITITI S ST ST’/ S

| - — .
'
-
- .
- .
r

N

¥ .

o

o

- ]ﬁc/mmtAMapl&s ,3%@%07,‘-

TN

NOONERSRRS

TIITEITRIIITI,

\'\.\\'ﬁ

RN N N

(L,

.\

= %i»t%eaoéa

.-"'.

o a_tro;mg-;-




y 005,727,

- R. A, MAPLES.
EXPLOSIVE ENGINE,
APPLICATION FILED APR. 29, 1907,

Witnesses

- Patented Dec. I,H 1908.

6 SEEETS—SHEET 3,

[

¥

z8

z7

- ﬂtl‘bmw.% .



R. A, MAPLES.
~ EXPLOSIVE ENGINE. .
APPLICATION FILED APR. 29, 1907,

Patented Dec. 1, 1908.

fffff
l_.__r

6 SHEETS—SHEET 4.
28

U\vh.h_.\\\\\\\“ h
Nm\\\..ﬂ ol

LAY

)

f.fl-l‘l’l'llf FrEFrrr,

WO OCER ER W e e W T R EE Wl W WL W A e Aok A oem i

. -
A . .”. =

L - L

1 § .
L . -
el & 5 b 5 1 RIS AT LS L L L Y

- LR R B N R L L 32§ T % L L K% NN

”.r.".l.'
*.

| mQN\N\\N\\\N\\N\\\\N\N\\N\\\N\N\\\\k
! I/\\\&ﬁ&%\\\\\%%\%gﬁ
Vﬂ .

..__l_. v L T T W, T ..rl_l/f_""
L
a
k]
L
r.
)
Y

ﬁ.v..r.. RS | \.
_..,.,§
Y
Y

rrsy

2

- am ae - [ T TR,

lllll
llllllllll
IEEmEs  "eESd

llllllllllll
llllllll

lllllllll

7
/

PSS

- Hichard A Maples, Swoontor

il I I B Y - '-l'-.’.’..""f

VAL ST I

N N

%

BTSN T

k'

.

r
4
’
/
J

o - TSI
|uu“n” n,..,!

)r.r..r.l' FFFFFFriyry
,r

...........
-

g T e,

905,727,

Witnesses

a-l;l‘ét:.twt‘]




R. A, MAPLES,
B EXPLOSIVE ENGINE. -

| | AFPLICATION FILED APR. 29, 1807,
905,727, o ' ~ Patented Dec. 1, 1908,

| 8 SHEETS—S8HEET 5.
. $ .

i '
= | -@» ——y

...i.“ ‘l;:m' \tﬁ ‘iﬂ% .!“”[H “-
T AT e . ﬂ-_mmgu = E;;mn, '
Bl

IIIH

Z6Y

g AT

S iy ¢ AL
SR O] oo

= -
R = éH!ﬂf’Ei-.ﬁf!!f 3 X%
Jia i

M|l =

! %},
Nizi Ei :

: “h! N4

3 82 '-!'z:fg‘“"»,m T °

lﬁ‘ﬂ”ﬂ‘ """" . Mﬂm

Ii-.—'ﬂ'!'-"l';_ ! I '

0 I
..... “ﬁ\ﬂ

'%me@o -



R. A, MAPLES. L

. EXPLOSIVE ENGINE, =
- APPLICATION FILED APR. 29, 1907,

o0
)
S
i
—
]
D
-
e
2
g
s
‘=l

ttozs et4

-

W

@
E-
Fa3
o
bt
oQ
_

o
e
=3
=
8
k-
©

> =

.

*‘

/5

_ .%% .

Richard A Maples, noe

W lort e

" Witneosses



ful Exp

'UNITED STATES PATENT OFFICE.

. RICHARD ALEXANDER MAPLES, OF CLINTON, IOWA.

EXPLOSIVE-ENGINE.

No. 905,727,

Specification of Letters Patent.

[ —

Patented Dec. 1, 1008,

Application filed April 28, 1907. Serial No. 370,341._

To all whom, it may concern:
. Be it known that I, RicHARD

State of Iowa, have invented a new and use-
losive-Engine, of which the following

1s a specification.

 In explosive engines of the larger types,
where the starting of the engine by manual

power is impracficable, it 1s the ordinary
practice at present to start and efiect the in-

“1tial operation of the engine by -air or other

15

~ motive fluid under pressure. So far as 1 am
‘aware, this heretofore has required the com-
plete alteration of a certain.number of the

~ usual four cycle cylinders of the multiple

“engines. These units operated by air or

20

29

erative as an explosive engine.

cylinder explosive engine into two cycle air

motive fluid were depended upon until the
remaining units became operative, and thus
one section of the engine would be operating

‘bv exploding charges and the remiainder

would be operating upon the order of the
steam engine. The latter units are then re-

converted into units of the explosive type,

whereupon the complete engine becomes op-

This ar-

rangement has drawbacks, for portions of the

30

.35 ._

40

45

engine only can possibly operate in the ordi-
nary manner until the remainder 1s mechan-

ically reconverted from a two cycle air en-
oine to a four cycle explosive. engine. 1t

thus requires considerable time to develop
the full power of the engine. ~ *°~

It isone of the primary objects of the pres-
ent invention to provide a novel combination

whereby air or other motive fluid under pres-

sure is employed for starting but the four
cycle operation of the units of the engine is

not altered, and as soon as any unit is In
proper condition to operate as an explosive

engine, a charge will be exploded therein,
while the air or -motive fluid will be auto-
matically cut off. As a result, the engine as
a whole soon becomes operative without me-
chanically changing it, no conversion of cer-

tain -sections thereof takes place, and "the

50

power-of the engine can be more quickly and

economically developed. _- S
A further and important object is to pro-
vide novel valve controlling and actuating

means, whereby the various changes in the

‘order of succession in the operation of the |t .
valves can be readily effected with ease and | movable stems 31..

. ALEXANDER
MAPLES, a citizen of the United States, resid-
ing at Clinton, in the county of Clinton and |

side of said engine. _
tion of the same. Fig. 4 is a cross sectional
view. Fig. b i1s a detail elevation on an en-

—r —— Lmpm

;eXpe‘dition, and as a result, the engine can
be speedily and effectively stopped, started

and reversed.

An embodiment that 1s at
sidered the preferred one is illustrated in the
accompanying drawings, wherein:—

Figure 1 is a view in elevation of the ex-

‘haust side of a portion of a multiple cylinder

explosive engine. . Fig. 2 is a view partly in
elevation, and partly in section of the intake
Fig. 3 is an end eleva-

larged scale, illustrating the relation of the
valve operating mechanism on the intake

‘side of one of the eylinders in one position.

Fig. 6 is a corresponding view of the valve

mechanism on the exhaust side of the engine.

b

present con-

60

69

70

Fig. 7 is a view similar to Fig. 5, but illus- -

trating the parts in a different relation.
Fig. 8 is a corresponding view of the valve me-
chanism on theexhaust side.  Fig.%isadetail
view of one of the valve actuating mechan-
isms. ‘Fig. 10 is a side view of one of the
intake valve cams. Fig. 11 is an end view
of the same..  TFig. 12 is a side elevation of an
exhaust valve actuating cam. Fig. 13 18 an

end elevation of the same. Fig. 14 is a side
_elevation of one of the cams, which actuates

the motive fluid admitting means. Kig. 15
is an end elevation thereof. Iigs. 16-19

inclusive are diagrammatic views ilustrat-

ing the operation of the different parts dur-
ing a four cycle movement of the engine.
Similar reference numerals designate cor-

responding parts in all the figures of the

drawings. =

R

In the preferred embodiment of the engine ,I |

75

30

85

90

six cylinders, as usual, are employed, three

being illustrated in Figs. 1 and 2, and desig-

| nated 20. Xt will of course be evident that

any number may be employed as desired.

95

Within the cylinders operate the usual

_reciprozatory pistons 21 connected by piston
rods 22 and pitmen 23 to the angularly set
I'cranks 24 -of the engine shaft 25. The

various parts are mounted in a suitable

frame designated as a whole by the reference
| ply conduit 27 extends |
‘along the intake side of the engine, and has
‘branches 28 leading
these casings are lo~ated suitable intake con-
trolling valves 30 operated by longitudinally

numeral 26. A su

to valve casings 29. In

Ignition mechanism

160

100
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32 is also located on this side of the engine,
and is. operated
longitudinally movable stems 33.

The lower ends of the varicus stems, as
shown particularly in Figs. 4, 5, 7 and 9 rest
upon swinging arms 34 loosely journaled on

an axle or shaft 35 and having rollers 36 on

their outer ends. Beneath said rollers and
Spaced therefrom is a shaft 37 extending
longitudinally along the intake

39, which is in turn, geared as shown at 40
to the engine shaft. Upon the shaft 37 are
fixed sets of cams, each set comprising raised
Fortions 41 and 42 disposed in proper re-
ation, and leaving between them, a track
or guideway 43 that is concentric to the axis
of the shaft 37. Another shaft 44 has loosely

Journaled thereon, a series of selectors com-
- prising arms 45 having rollers 46 journaled

- on their outer ends. The rol_ers respectively

4

cooperate with the cams 41 and 42 of the
different sets, and as the shaft 44 18
tudinally movable, each roller may be placed
In & position to operate upon the interme-
diate tracks 43 orupon either of the cams 41
and 42. The corresponding selectors, which
effect the operation of the ignition mechan-

- 1smstems 33, operate against suitable eccen-
 trics 47 fixed to the shaft 37. :
__The exhaust side of the engine, shown in

Fig. 1, has a common exhaust conduit 48, to
which are conmnected: branches 49 leading

from the upper and lower ends of the cyhin-

ders througn valve casings 50. 1he casings
contaln switable exhaust controlling valves

51, irom which depend stems 52. Lhe lower .

ends of these stems bear upon swinging actu-
ated arms or elements 53 having rollers 54
journaled on their free ends. Selector arms

- 85, loosely journaled upon a longitudinally

49

- vided with sets

- 60

66

movable shait 58, have rollers 57 that operate
Another cam shaft 58,

against the rollers 54.
journaled along the exhaust side of the en-

gine frame, is operated through suitable

gearing 59 from the engine shaft, and is Pro-
of oppositely disposed cams
60 and 61, leaving a concentric track 62 be-

tween them. It will be observed that the

cams 60 and 61 are comparatively broad, and
that directly opposite to them are compars-
tively marrow relief cams 63, these cams be-
mg employed for relieving compression in

the ordinary well known manner, and util-
5 1zed, as hereinafter explained. It will thus

be observed that the intake and exhaust
valve controlling mechanisms are very simi-
iar in character and operation.

In order to effect the shifting of the selec-
tors, any suitable mechanism may be em-

P‘loyedt Thus in the present embodiment,a

«over 64 1s fixed to a fransversely disposed
siait 85, and said shaft has gear wheels 66

‘eodperating with recky 67 fixed to the ends
NIt apon the op- f

1 ptte A A o cd
of the shatts 44 snd 38,

through the medium of

]

side of the
engine and geared, as shown at 38, to a shaft

longi~

Q0B,727

eration of the lever 64, the shafts 44 and 56
will be moved longitudinally. They are
adapted to be held in the different positions
by means of a dog 68 pivoted on the lever 64

- and engaging in the notches 69 of a quadrant

rack 70 associated with the lever. For the

70

purpose of holding the selectors elevated and
out of the way of the various cams during
the shifting operation, the following mech-

anism is preferably employed. Located be-

low each set of selectors is & rock shaft 71 .

75

and these rock shafts have cranks 72 at their .
ends that are connected by a cross link 73. :
A lever 74 is fixed to one of the shafts.  The

selector arms 45 on one side of the engine are
provided with depending fingers 75, and the
shaft 71 adjacent thereto is provided with
cams 76 arranged toengage the fingers. The
opposite shaft is also provided with cams
77 that cooperate with corresponding fingers
78 depending

the cams 76 are shorter than the cams 77 and
that said cams 77 will engage and operate

against the fingers 78 before the cams 76 op-
-erate upon the fingers 75. Thus if the lever
74 1s actuated, the cams 77 will first engage
the selector arms

the fingers 78, and raise
55 and rollers 57 away: from the coacting
cams and the continued movement will carry

the cam 76 against the fingers 75 and raise

the selector arms 45. When 'these different
sets of arms have been elevated, the lever 64

can be moved, thus carrying the selectors in

either direction desired.

shown more particularly in Figs. 1, § and 4,
is a pipe 79 for conducting motive fluid, and
this pipe has branches 80 leading to valve
casings 81. One of these valve -casings is
shown in section in Fig. 1, and it will be ob-

irom - the adjacent selector
arms. It will be observed, however, that

80
85
90

95

. - 100
.. Lpon the exhaust side of the engine, as

105

serveda that it has a mechanically operated
valve 82 provided with a depending valve

stem &3, and-an inwardly opening automatic
valve 84 normally held closed by spring 85.

{ The -depending stems 83 of the different

mechanical air or motive fluid controlling

110

valves rest upon swinging arms 86 having

rollers 87 at

their outer ends, and selector
rollers 88 corresponding in all respects to
‘those already described bear against the
‘rollers 87 and codperate with sets of cams 89
mounted on the cam shaft 58. It will be

115

observed that the cams 89 are compara-

tively narrow, being substantially the width
of the rollers 88 and having spaces on their
outer sides, in which said rollers can operate.
Now it is desired to strongly emphasize-this
fact, that the air cams 89 of each cylinder
are disposed in alternation with the intake
cams 41 and 42 of the same cylinder.  This

120

125

is important in order to cleatly comprehend

the operation of the engine, which is of the

tour cycle type, as already outlined. In. .
3¢

this type of engine, it is well known that
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upon the first stroke of the engine, & charge | occur, the supplemental motive fluid will a::-

will be drawn into the cylinder, upon the

- second stroke, this charge will be com-

Eress’ed, on the third stroke, the charge will .
takes |

e fired or exploded,-and the exhaust
place upon the fourth stroke. R
In the present mechanism, if the lever 64
is in its central position, as illustrated in Fig.

1, the various selector rollers 46, 57 and 88

10

will be in their central or neutral positions,
and if the engine- were turned over, there

- would be no valve action: If, however; 1t is

15

desired to start the engine, said lever 1s

‘moved in one direction or the other one notch |

of the quadrant 70. The parts will then be
in the relation shown in Figs. 5 and 6, and

- remembering that the air or motive fluid con-
:* trolling valves qperate in alternation with

- the intake valves on the same side of the pis-
20

ton, the cgrcle of operation will be substan-.
tially as disclosed in Figs. 16-19 1nclusive,

- it being understood that at least one of the

25

30

cylinders and pistons will be at the start of or

-on the explosive stroke of a four cycle move-

ment. Consequently as shown in Fig. 18,
the air valve 82 will be opened, thus admit-
ting air to the c¢ylinder to effect this stroke of

the piston, the valve 84 opening under pres-
sure of air or motive fluid. Upon the suc- |

ceeding stroke, the exhaust valve 51 will be
opened to permit the escape of the air.
Upon . the third stroke, (the engine being

~ driven by the compressed air in another cyl-

39
40
45

50

inder), the intake valve 30 will be openéd by |

its cam operating through the interposed se-
lector, actuating element and stem 31.. A.
charge will thus be introduced into the cylin-

- der, and upon the return stroke; this charge

will be compressed but the relief cam 63 will
now be in a position to slightly open the ex-
haust valve 51 and relieve a part of this com-
pression in a manner well understood. This

completes the cycle, and on the first stroke of

the next cycle the air valve 82 will again be
opened. However, at the same time, the
igniter 32 is operated, and it is possible and
even probable that the charge slightly com-
pressed will be exploded. If an explosion
takes place, the force of such explosion will
hold the automatic valve 84 closed. Conse-

- quently the supply of air will not be utilized,

bd

but if an explosion does not trke place, the

valve 84 opening under the prezsure of air or
motive fluid will again admit such air or mo-
tive fluid to the cylinder and again effect the
stroke of the piston. - Following the above
described operation, the exhaust valve 51

~ will'again be opened to permit the escape of

.60

65

~ With this mechanism, it is to be

the exploded gases or of the air as the case
may be. - “'
that throughout the various cylinders, as
soon as any one unit iy in condition to ex-
plode a charge, the charge will

n the other hand, if the explosion fails to | paratively small.

J})robably not-practicable, to eliminate the re-
ief, but it would require air or motive fluid

valves 82. At the same time, the selector

‘reversal can be easily effected by moving the

believed to be

less number of cylinders may be employed

‘their succession of movement, is highly de
sirable. With the means disclosed there 1s

obs_erved | stems, the intermediate selectors eliminating

be ignited. |

tomatically take its place to drive the engine.
Consequently for instance, in a six cylinder
engine, air or motive fluid need be introduced
upon one side of each piston only, and 1n any 70

| case, this air or motive fluid is admitted upon-
‘the explosion stroke of the four cycle engine,

so that it never interferes with the intake of
the charge. Moreover, admission depends,
as already shown, upon the explosion, and 1t
will be evident that the engine is economical
not only in the charges introduced but in the

70

“amount of air emplofyed. -~ The only real loss

occurs in the relief of compression during the

compression gtroke, and it is possible, though 80

under great pressure to effect a high com-
Eression of the charge. Consequently 1t 1s
helieved to be preferable to employ the relief 85
cams. Having now started the engine m
this manner, as soon as the ordinary succes-.
sion of explosion begins to take place, and

the necessity of supplemental motive fluid 1s
eliminated, the lever 64 is moved to the sec-
ond notch. This carries the selector rollers

00

88 entirely out .of the path of movement of

the cams 89, and consequently cuts out or
makes inactive the motive 1iuaid controlling
00
rollers 57 which control the operation of the
exhaust valves, are moved so that théy are
out of the path of movement of the relief
cams 63. }E)wever, the ordinary.ir.take and
exhaust is not in any manner changed for the 100
cams 42 and 60 are broad enough to engage:
with the rollers 46 and 57 when in their m-
termediate or end positions. = The only effect
therefore of the second movement 1s to ¢ut
out the relief cams and the relief action of the 105
exhaust valves and maintain inactive the

‘mechanical valves 82 which control the sup-
ply of motive fluid. To stop the engine, all

that is necessary is to return the selectors to = -
their intermediate or neutral positions and a 110
lever in the opposite direction. While it is
%est to utilize all the cylinders
on one side of each piston, in a six-cylinder
engine, it will of course be understood that a 118

and if desired the air or motive fluid can be

‘admitted to a cylinder on opposite sides of
‘the piston as well as on one side only.

~ Qutside of the advantages secured by the
general combination, the mechanism em-

pioyed for operating the valves and changilngl
Lo

120

no necessity of shifting the cams’or the valve 125

this necessity. Furthermore the cams can

be made comparatively narrow and the
amount of movement of the selectors i1s com-
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- From the foregoing, it is thought-that the
construction, operation and many -advan-

tages of the herein described invention will
he apparent to those skilled in the art, with-
-5 out turther description, and 1t will be under-
stood that various changes in the size, shape,

proportion, and minor details of construc-

tion, may be resorted to without departing

from the spirit or sacrificing any of the ad-
vantages of the invention. '

~ Having thus fully described my invention,

what I claim as new, and desire to secure by
Letters Patent, 1s:— - - | -
1. In a four cycle explosive engine, the
combination with a cylinder -and a piston
operating therein, of means for admitting
a charge uponone stroke of the piston, means
for exploding a charge. upon another stroke

~.of the piston, a valve for admitting motive
fluid on the latter stroke, a set of operating

devices for the valve, said devices being rela-

tively shiftable into and out of coaction with
“each other; an exhaust valve, a set of rela-
- tavely shiftable devices for operating the ex-

haust valve, and common means for effect-

ing the relative shifting movement between

- the devices of the first set into coaction si-
multaneously with those of the second set
30

39

the devices of both sets, said means carrying

and also carrying the devices of the first set

}

out of coaction while retaining those'of the
~ second set in coaction., . -
2. In a reversible four cycle engine, the

combination with a cylinder and a piston

operating therein, of means for admitting

a charge upon one stroke of the piston, means

for explodihg:a chdrge upon another stroke -

- of ‘the piston,.% valve for admitting motive

40

fluid on. the latter stroke, a_selector for op--

erating the motive fluid valve, a pair of

‘spaced cams for actuating the selector, said
selector and cams being relatively shiftable
to bring either cam into coaction with the |

selector accordingly as the engine 1s reversed

49

60°

and being also relatively shiftable to main-

“tain both cams out of coaction with the
~ selector, an exhaust valve, a second selector
for operating the exhaust valve, » pair of

exhaust cams and a pair of oppositelysset
relief cams for actuating the second selector,

said cams and second selector being rela-
tively shiftable to bring said different. ex-

haust and relief cams 1nto coaetion with the

“selector accordingly as the engine is re-

- bb

60

‘Wwhen , _ _
both:an exhaust and a relief cam, said means-
65-aldo maintaining the first selector out of co-

versed and being also relatively shiftable to

maintain the relief cams out of coaction while

the exhaust cams remain in coaction with

the selector, and common means for effect-

ing the relative shifting movement between

the selectors and their respective cams, said
means simultaneously bringing the first se-
lector into coaction with one of its cams

| the other selector is in coaction with

505,727

|

v

"action,with both of its cams and the second

selector out of coaction with both of the re-
lief cams while retaining said second selector
in coaction with either of the exhaust cams.

3. In a four cycle. explosive engine;-the
combination with a eylinder, and a piston
operating therein, of a motive fluid inlet valve

and an exhaust valve, a plurality of separate

actuating devices for the different valves, a

-single cam shaft, a narrow cam on thecam

70

79

shaft for effecting a relief opening of the
exhaust valve, another narrow cam on the

shaft for effecting the successive opening of

the motive fluid inlet valve, a broad cam on

the cam shaft for effecting an exhaust open-

80

ing of the exhaust valve, and common means

for effecting a relative shifting movement
between the actuating devices and the cam
shaft to place the exhaust cam, the motive
fluid inlet cam and the relief cam in coaction

85

with their respective actuating devices, and

for effecting the relative shifting movement

to place the motive fluid inlet cam and the

relief cam out of coaction with their respec-'

-tive actuating device while the exhaust cam
and actuating device remain at all times 1n

cooperative relation.

4. In a reversible four cycle engine, the .
piston .

combination with a cylinder, and a pistor
operating therein, of mechanism for mntro-
ducing -charges, exploding the charges and

| exhausting the same, said mechanism being
shiftable to reverse the engine, mechanism

for admitting motive fluid on the explosion
or working stroke only of the piston, and
common means for shifting the charge ad-
mitting, exploding and exhausting mechan-
ism to reverse the engine and for actuating
the motive fluid supply means, and for per-
mitting and cutting off the supply of motive
fluid when said engine is running in either
direction. . o

+*

combination ‘with a®plurality of cylinders,

and pistons operating therein, of mechanism-
-for successiely introducing charges into, ex-

5. In a reversible four cycle engine, the

90

95

10.

1T

Floding the charges in and exhausting them

rom the cylinders, said mechanism being

shiftable to re-erse the engine, mechanism
for successiely admitting motive fluid to
the ¢ylinders on the explosion or working
‘strolses only of the pistons, said mechanism
‘being automatically held inoperative by the

explosion when the same takes place, and

comimon means for shifting the charge ad-

11

12

mitting, exploding and exhausting mechan-

ism to reerse the engine, and for operating

the motive fluid supply mechanism to per-
mit and cut off the supply of the motive fiuid

running in either direction.

6. In a reversible four cycle engine, the
£

‘to the different cylinders when said engine 1s

and a plurality of pistons operating therein,

12

combinaq:ion with a. plurality of cylinders,
I

of an intake valve for each cylinder, an actu- 13

| S
s



;:__1

- actuating device of each exhaust valve, igni-

val e, a pair of

905,727

ating device for each. valve, a pair of revers-
Ing cams for each actuating device, an ex-
haust valve for each cylinder, an actuating

device for each exhaust valve, a pair of re-
‘versing exhaust cams for each actuating de-

vice, a pair of reversing relief cams for the

tion mechanism for each cylinder, a motive

Mluid supply pi’pe for each cylinder, an actu-
for each motive fluid ‘supply

ating de.ice ,. .
reversing cams for operating

each of the said last mentioned actuating de-

vices on the working strokes of the pistons
-~when the ignition mechanism is operated,

and common means

- the engine, to position the intake, exhaust, re-

20
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- combination with a
~and pistons o
- valve controlle

Lief and moti e fluid supply cams in simulta-

neously codperating relation with their actu-

ating devices, and to position the relief and
motive fluid supply cams ‘out of coaction
‘with their actuating devices

. _ while retaining
the same coaction between ‘
exhaust cams and their actuating devices.

7. In a four cycle explosive engine, the
plurality of cylinders

exhaust valves

for effecting a relative ) Ty 101
the engine to respectively relieve compres-

shifting movement between the actuating
devices and the cams to effect the reversal of

the intake and

 Witnesses:
erating therein, of intake | .
‘means for admitting explo- |

X

sive charges to each cylinder, a valve con-

30

trolled exhaust for each cylinder, ‘ignition
mechanism for each cylinder, valive con-

trolled means for admitting motive fluid to
each cylinder, means

for operating the in-..
take valves once on every second revolution
of the engine, means for operating the
‘tlon mechanism once on every second revo-

39

igni-

lution of the engine and in alternation with

the operation of the intake vales, means for
operating the moti e fluid supply controlling

4{)

valves once on every second reolution and

on the revolutions during which the ignition

mechanism is operated, means operating the

and common means for throwing into and

out of action the valves controlling the mo-
-tive fluid supply and

simultaneously cutting
In and out the relief operations of the ex.
haust valves. I

I testimony,

the presence of two witnesses. = |
_ RICHARD ALEXANDER MAPLES,-

F. B. King, .
~ CHas. S. HaRrris.

once on every revolution of
45
sion and permit the exhausts to take place,

50

that I claim 'the'fOregoing' as.
my own, ] have hereto affixed my signature in
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