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UNITED STATES

Parent OFFICE.

GEORGE 8. ANDRES OF SAN I‘RANOISCO CALIFORNIA, ASbIGNOR TO OOTO-=
MOBILE COMPANY, OF SAN I‘RANCISCO OALII‘ORNIA, A CORPOR-ATION.

O CALIFORNIA.

MULTIPLE-CYLINDER EXPLOSIVE-ENGINE.

SPEGIFIGATION fofming part of Lef:ttefé P:ate:lglltl_uN o. 706,'71 1,'ddt;ed_ August 12, 1902.
-App_lic’é,tipn- filed December 18,1899, Renewed May 15, 1902, s@fm No. 10__7.46_9._ (No _Iﬂndel-)

To all whom zﬁn 101 J conmrn | B
Be it known that I, GEORG S. ANDRES a
citizen of - theUmted Sbates remdlnﬂ* in the

city and. county of- San. anmsco Sbate of
California, have invented an Irnprovemeut in
Multlple-Cyhnder Explosive-Engines; and. 1|
hereby declare the following to bea f ull Llear |

~ and exact description of. the same.

IO

My invention relates to- 1mpr0vements in

‘that class of engines which are actuated by
SIICCeSS1Ve explosmns of gasor vapor in such

2 manner as to p10pel tlm plstons of the en-

~ gine.
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for an application of the explosive forces
which will transmit the power of the engines
to a erank-shaft common to all the cylmders
in such. succession that frequent impulses
will be given to the shaft at regular intervals
during bhe perlod of its I‘DthblOl] and the vi-

bration due to the four-cycle oue, two, three,

or four cylinder motors is-avoided, thus dis-
pensing with the usual fly-wheel.

My mventlou consists of the parts and the
constructions and combinations of parts
which I shall hereinafter deseribe and claim.’

Figure 1 is a pla,n view and partial section:
of my appmatus ‘Fig.- 2 is a longitudinal
and vertical section of two eylmdel S emd con-

nected parts transverse to the shaft. Fig. 3

~is an end view. Kig. 413 a sectional view of

35
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59

o1ll, governor, and plessme valves. Fig. 5 is
a view of oil-tank and pipe (,ounechlons Fig.
6 is a detail view of the spring 62,

gine are increased, so that the application of

this class of engines to propel carriages and

the like is .:LCCOI]]]_JELIHG(] by eonstant .a,nd dis-
agreeable vibrations and the unequal appli-
cation of power. The use of two or four cyl-
inders as commonly applied but partially
overcomes this difficulty by reason of the im-
pulses not being synchronous.

In my invention I so dispose a series of
eight eylinders, singly or in pairs, and con-

The 6bJect of the 1nvenb1on is to p1ov1de-

nect them with a common cla,nk shaft that
the impulses of .the explosions are applied
‘through theireranksto the shaft,so that there
is one- lmpulse to each qual ter-revolutlon of
‘the shaft. 55
As shown in my 1nvent10n I have a bed-
plate A, common to two of the,cylmders 2,
Whi(,h are arranged in pairs, each pair sta,nd-
ing opposite to eaeh other, and two pairs of
;four of the cylinders bemg arranged in a 6o
group thus form- two groups- of eylmders
‘which are separated from each other suffi-
ciently to admit the duvmg-gear sprocketor
pulley 3 being fixed upon the common power
and crank shafb 4 at any point intervening 65
between. the two -groups of cylinders or as
shown in plan view. The cylinders are pref-

erably cast with permanently-closed outer

' ends, and access is had to them by discon-

' necting their central eonnections and sliding 7o

them Ieanmrclly until they are clear of thell
‘pistons.

The pistons 5 of each opposing pau of eyl-
‘inders are so formed as to move in unison,
‘and the connecting-webs are slotted lenﬂ'ltu- 75
‘dinally, as shown at 6, so that the shafb 3
passes through all of these webs, and it has
cranks 7 ﬁxed upon or formed with it in such
relation to each other that the crank with
which one pair of pistons are connected may 8o
be at right angles with the next-pair, directly
opposite to the third pair, and at right angles'

| with the fourth pair, which is agalu opposite

, "1 the crank of the second pair. A bar or plate
In the use of four-cycle e:{ploawe -engines

four strokes of a reciprocating piston and two’
~complete revolutions of the Shafb are made |
for each explosive impulse, and this causes
a vibration which is greatly increased as the
diameter of the eylinderand power of the en-

10 extends from the crank-pin 9 to the pin 85
11, wbich is connected with each pair of pis-
tons, and this bar has its ends fitted to par-
tially inclose the pins. . Segmental brasses 19
| it around the pinsand for'm the journal-boxes
therefor. Around the whole structure of the go
bar or plate 10 and the segmental brasses 12
passes a steel or other sultdble endless band
or strap 15, and through this band passes a
bolt 14 with a nat 15 upon the OppOSIte end.
A pipe ¢ incloses the bolt, and its: ends abut, g3
against the inside of the b.:md The nut 15,
_bemﬂ‘ secrewed upon the bolt, draws the bwo
sides of the band 15 toward ea,eh other and
correspondingly tightens it upon the parts 10

| and 12, so that they are held in close contact 100
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with th'érir respective pins. The tube or dis-

tance-piece @ acts as a stop to limit the ap-
‘proach of- sides of the band 13.

_ Whenever
by reason of wear it is necessary to make any
adjustment, the nut 15 is loosened and the
tube a shortened and the nut 15 again tight-

“ened, which will draw the band a little tighter

and will thus close up the brasses with rela-

tion to the pins and compensate for any wear |

which may have taken place at these points.
The arrangement of the inlet-valves of the
cylinders is such that the pistons will have

~completed the movements necessary tocharge

of 1impulses applied through the cranks to

one cylinder with compressed explosive vapor
at each quarter-revolution of the crank-shaft.
Thus there will be a continuous succession

this shaft with a resulting great steadiness of
operation. | | -
. In order to supply the explosive gas or va-

por, I have shown a cylindrical generator 16,
having pipes 17 leading from it to the ends of

the engine-cylinders 2, with suitable means
for regulating the supply of gas which enters
the c¢ylinders, which will be hereinafter de-
scribed. Surrounding the generator-cham-
ber 16 is an exterior chamber 18, into which

the exhaust-passages 19 from the cylinders

discharge, so that there will be a constant ac-

cession of the hot exhaust products from the !

cylinder to surround the inner chamber 16.
Any suitable hydroearbon liquid for the pur-

pose 18 delivered into the cylinder 16 from a
suttable tank or source of supply. If crude
petrolenm-oil is employed, it is supplied by

a pump and by its own pressure when heated

'in chamber 16 in proportion sufficient for the

use of the eylinders. The vapor or gas pro-

- duced within the chamber 16 will always be
40

under a certain regulated pressure, the sup-

ply of liquid being regulated so as to keep up

 the desired pressure by regulating-valves 53

45
‘to

55

6o

90 and pressure device 54, The gas pass-
ing through the passage 17 is admitted to
the engine-cylinder 2 by the opening of a

valve 20, which is here shown in the form

of a puppet-valve seated in its chamber and
opened periodically and at the proper in-
terval by cams 21, which are driven from the
engine-shaft, as will be hereinafter desceribed.

"T'he stem 22 of the valve 20 has its inner end

so formed that the cam 21 will act to force the
valve 20 open, so that as the piston 5 recedes

~ from the rear end of the cylinder it will draw

alr in through the passage 23, and at the

same time a charge of gas passing through

the passage 17 and into the hollow valve-stem

22 isdelivered outwardly against the beveled
face of the valve 20 through radial passages

24 and mingle with the air which is being
drawn in through 23, so as to form an explo-
sive mixture. The rate of admission of gas
is regulated by means of & valve 25, which
may be of any suitable description. In the

65 present case it is shown as conical and may

be seated so as to entirely close the passage

~through the valve-stem 22 or may be opened |

706,711

to admit any desired amount of gas, depend-

‘ing upon the pressure and the requirements

of the engine. Theregulating-valve 25 is ad-

justed from the outside of the valve-chamber

through an opening, (shown at 26.)

The valve 20 is in the form of a piston ex-
lending backwardly from its -beveled seat-
face, and as this piston fits closely within the
chamber in which it slides and is fitted with
packing-rings there will be no escape of gas
or vapor. Through the rear of the wvalve-
chamber cover a hole 26 is bored to give free

action of valve-piston and prevent compres-

sion of gases in back of valve-chamber.

The operation of the cam 21 of each cylin-
deris produced by a cam-shaft 27, upon which
a cam I8 mounted so as to turn loosely; but

a lug 28 contacts against the shoulder 29 and

70

75

3o

holds the cam 21 in its proper position aslong

as it is rotating in a direction to open the ad-
mission-valve at the proper intervals, but al-

lows the cam to turn faster than the shaft on

closing or at the last part of its revolution.

| 9-0

The cam-shaft 27 is driven by gearing from

one end of the main shaft, this gearing being
so proportioned and connected as to rotate
the cam-shafts in proper relation with the
movements of the various pistons.

The arrangement of the gears is well shown
in Fig. 3. |
- It itisdesired to change the force of explo-
ston or quantity of gas admitted, it is effected

by means of bell-erank levers on each end of

the engine. In the arms 31 of these levers

the ends of the cam-actuating shaft are jour-

naled. The angle of this lever is fulerumed
to one of the gear-pins 32,and the other arm
33 of the lever has a pin 34, which is slidable
in a slot 35. The gear-pin 32 is movable in

an arched slot 36, the curvature of which is

about the radius of the crank-shaft, and the

cam-shaft 27 is movable transversely to its

length in a slotted channel 37 to vary the
amount of gas admitted and the exhaustand

also lengthwise to bring a different set of cams
inline with each valve-stem to reverse the en-

gines. The pins 32 are connected with eccen-
trics 38 by eccentric-rods 39. The eccentrics
33 are mounted upon each end of a shaft 40,
which carries apinion 41, and the pinion is en-
gaged by a guided slidablerack 42. This rack

1s connected with an actnating-lever within

convenient reach of the engineer or operator,

and when the rack is moved in one direction

it rotates the shaft 40 and the cams 38, so that
through the eccentric-rods 39 the pins 32 will
be moved in their slots 36, thus acting upon

-the arms 33 and 31 of the bell-crank lever to
cause the pin 34 to move along the slot 35,

and by this compound movement the cam-

shaft 27 iscorrespondingly . moved in its chan-
nel 37, thus moving the cam 21 with relation

to the valve-stems 22 and causing them to
vary the opening and closing of the valves.
It will be manifest that such a movement

will cause the cam to open the valve less in
proportion as the cam has moved away and
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more as it is brought nearer. When the en- | spiral slot 51, which is slidable upon a pin 52,
| which projects into the slot, and when the

gine is to be reversed, it is done by moving
the cams entirely out of contact with the
valve-stems, - - |
The rack 42 engages with the two pinions
o6 on the outer ends of shafts 27, which con-
tain a certain number of teeth, as shown, and
there is an incline 57 projecting inwardly and
pressing against the collar 58, also loose on
shaft 27 and held in position by the tailpiece
oJ and side blocks 60, which prevent collars
o3 from turning. The loose collars 58 bear
In turn upon collars 61, which are a part of

cam-shaft 27.  As the rackis moved back on

reaching the center of its run the teeth 42

engage with the teeth on pinions 56 and cause
them to turn, bringing the two beveled sur-

faces 57 and 58 in contact, causing the col-
lars 61 to be forced back, thereby moving the
cam-shaft lengthwise and bringing the re-
versesetof cams 65in front of the valve-stems.
The cam-shaft 27 is forced back to its for-

mer position by spring 62, (see FFig. 6,) when
| T'he exhanst- |
valves 30 are suitably placed with relation to |
the inlet-valves and ends of the cylinders and

the rack is run forward again.

are operated similarly to the admission-valves
by cams 43, mounted upon cam -shaft 27,
which is revolved by suitable gears or con-

nections with the main engine-shaft,and when
the engine is reversed the cams which actu- |

ate the exhaust-valves are operated similarly
to those of the inlet-valves and firing-pins 45.
Allthe valves are closed against their seats
after the cams pass by springs 44, which press
upon the backs of the valves, as shown.
The igniting devices consist of slidable in-

sulated pins 45, which are normally pressed

inward by springs 46. These pins are slid-

able through metallic sleeves or guides,which
are surrounded by insulating material 47.

Upon the outer ends of the
the metallie disks 48 against which the springs

46 press, with insulating material under said

disks. Through these insulating-disks and
in no way connecting them with the metallic
connection a pin 49 passesinto the pin 45, and
one conducting-wire connects with this pin

49 and any suitable electrical spark-generat- |

ing device. The other electrical condueting-

wire is attached to some part of the engine |

and the above-mentioned electrical device.

20 1s a pin slidable in line with the pin 45
~and actuated by a cam which presses period-

ically against its inner end, forcing it out and
into contact with 45 at about the instant
when the gas has been compressed in the
cylinder in readiness for an explosion. At

the proper instant the pin 50 recedes by the |

actlon of spring 63, the pin 45 following it by

- the action of the spring 46 until the pin 45 is
seated, when the pin 50 separates from it and
produces the igniting-spark. o

In order to prevent the coating of the con-
tact ends of the pins with carbon and to keep
them bright, so that perfect contactis formed, .
The pin45 has a

the spark will be produced.

o

pin 50 contacts with 45 and pushes it out-
wardly 45 will rotate and the friction between
the ends of the two pins will keep them
bright. - o T
. T'he cam-shaft 27 turns one revolution to
two of the crank, and it is designed that the
cam shall open the valve to admit gas to fol-

Jow the piston one-half of the stroke. - When

the lug 281s in contact, so that the revolution
oi the cam-shaft advances the cam, the latter
moves to a point where it fally opens the
valve, and as it passes the line of movement

valve, suddenly turns the cam forward by

reason of its being loose upon the shaft, and

thus allows the valve to close quickly.
631satank with an inlet-pipe 69. Pressure

70

75

80

of the valve the spring 44, acting against tho

to start may be furnished by an air-pump or

othermeans,and thisforcestheliquid through

pipe 66 and valve 53 when the latteris opened.

This valve is normally closed and is connect-

ed with the governor-piston 54 and the check-
valve 65. The valve 55 when opened allows
pressure from the generator 16 to be trans-
mitted through the pipe 67 to the tank 68,

thus furnishing the necessary pressure to.

supply oil to the generator while the engine
18 running. When the engine is shut off, by

turning the shaft 40 until the cam-shafts 27
‘have been shifted toa pointintermediate be-

tween the forward and reverse positions the

 eccentric 70, which is mounted upon the

shaft 40, pushes up the bar 71, which is con-
nected with valve 53 and governor 54. This
movement closes valve 53 and pushes the

governor-piston 54 up against the tension of

the spring 72. = . _
When the engine is to be started, the shaft

| 40isturnedand the eccentricailows the har71
pins 45 are fixed |

to come down and allow the valve 53 to open

' unless the pressurein 16 is sufficient to keep-
1t closed by a pressure upon the governor-
| piston 54 suf

icient to overcome the tension of
spring 72. - | |

- 73 1s a manually-operated throttle or shut-
off valve. This being open and there being

90
95

1CO

105

IIO

1.1:5.

sufficient pressure in the tank 68 oil willflow

‘through pipe 66 and valve 53 to the genera-

tor 16, where it is converted into gas, which

| passes to the engine-cylinders, as previously

described. If the pressure increases too

120

much in the generator, it will force the gov-

ernor-piston 54 up and through the fulerumed
arm 71 will close the inlet-valve 53 until the
pressure again falls. S

The valve 55 is normally seated and closed
by pressure through pipe 67 from tank 68:
but a greater pressure in the generator will
open 1t and replenish the pressure in 68, so

as to maintain it eomparatively steady.
Having thus described my invention, what

I claim as new, and desire to secure by Letters
Patent, is— S |

1. In an explosive-engine, four pairs of op-
positely-placed eylinders, pistons fitting each

125

130




pair of cylinders having an intermediate
uniting web whereby they are movable in uni-
son, a crank-shaftextending between the ad-
jacent ends of said eylinders, having cranks
at each ninety degrees of the circumiference

of the shaft, connecting-rods uniting each |

pair of pistons with one of the cranks, valves

“and mechanism including cam-shafts and

- cams loose thereon and adapted to engage the

IO

L5

20

25

- sion and exhaust Va.lves cam -

35

4_0
- 4. In an explosive-engine, a plurality of

shafts by which an explosive mixture is ad-
mitted and compressed into each cylinder,

‘means forigniting the explosive mixture sue-

cessively in the cylinders whereby an im-

pulse is given to the crank-shaftat each quar- |

ter of 1ts revolution.

2. In an explosive-engine, four pairs of op-
positely-placed cylinders lying in the same
plane, an intermediate shaft with cranks at
angles of ninety degrees with each other, con-
nections between the pistonsand said cranks,
inlet and exhaust valves whereby an explo-
sive mixture is admitted to each cylinder suc-
cessively, and the waste products exhausted
therefrom, cam-shafts and cams loose thereon
and a,da,pted to engage the sha,fts to open sald
valves.

3. In an explosive- eno‘me a plu rality of
cylinders disposed in pairs in the same hori-
zontal plane, an intermediate crank-shaft,
pistons in each cylinder connected and mov-
able in unison, connections between said pis-
tons and the cmnks spring-pressed admis-
shafts and
cams loosely mounted thereon and engaging
shoulders on the shafts, mechanism by which
said shafts are revoluble whereby the inlet
and exhaust valves are opened successively,
and mechanism for adjusting the position of
the cams and regulating the opening of the
valves.

cylinders, standing in a common plane and
disposed in pairs opposite to each other, pis-

unison, connecting-rods between each pair of
pistonsand thecrank common thereto, spring-
closed inlet and exhaust valves, cam-shafts

having shoulders and cams loose on the shafts
- and engaging said shoulders by which said

50

55

6o

valves are albernately opened, a generator

and connection between it and ea,ch inlet-

valve chamber whereby gas isadmitted when

‘the valve is opened, and an air-inlet passage

through which air is drawn to mix with the
gas by the receding piston when the valve is
Opened

5. In an exploswe engine, a pluarality of
cylinders lying in a common plane in pairs,
each pair having the pistons connected with
each other and “with a crank-shaft common
to all so as to move in unison, admission and
exhaust valves and cam
loose thereon by which the valves are actu-
ated, and mechanism for moving the shafts

“and cams to or from the valve-stems, by

which said valves are regulated, a generator,

-"sh&flss and cams

tons in said cylinder connected to move in |

706,711

thereto, an exterior casing surrounding said

generator and connected with the exhaust-
passages of the engine, and passages leading
from the generator to the inlet-valves.

- 6. In an explosive-engine, a plurality of
cylinders disposed in pairs opposite to each
ofher and in a common plane, a crank-shaft
extending between the adjacent ends of the

and the pistons whereby each pair of pistons
moves in unison within their eylinders, inlet
and exhaust valves with passages through
which gas and air are admitted to form an ex-
ploswe, and means for operating the valves
inclading cam-shafts having shoulders and
cams loose on the shafts and engaging said

shoulders.

7. In a gas-engine and in combination, cyl-
inders lying in the same plane, with pistons

connected in pairs, a shaft extending be-

tween the adjacent ends of the cylinders hav-
ing cranks set at angles with each other and
connections between each pair of pistons and
one of the cranks, admission and exhaust

76

75
cylinders and connections between the cranks

8o

9o

valves, shafts having cams loosely monnted

thereon and shoulders whereby the cams are
caused to turn with the ‘shafts to open the
valves, said cams turning freely upon the
shaft after passing the point at which the
valves are fully opened whereby the valves
are allowed to close instantaneously.

- 8. Inagas-engine and in combination with

ceylinders, pistons movable therein, a shaft

intermediate of the cylinders, and cranks
with which the pistons are connected in
pairs, inlet and exhaust valves, shafts with

cams thereon whereby the valves are opened,

said cams being movable upon the shafts to
allow the valves to close after being fully

the cams are moved to or from the valve-
stems to vary the opening of the valves.
9. In a gas-engine and in combination, cyl-

with which the pistons are connected, admis-
sion and exhaust valves for the cylinders,
shafts having cams mounted thereon by the
revolution of which the valves are opened,

supports in which the cam-shafts are jour-

naled, fuleranmed lever-arms by which said
supports are carried, a shaft with eccentrics
fixed thereon and connections between the
eccentries and the lever-arms, whereby the

95

100

105

“opened, supports in which the cam-shafts are .
journaled and mechanism by which theyand

ITO

inders, pistons movable therein,a crank-shaft

115

120

turning of the shaft moves the arms and the

cam-shafts to vary the position of the cams

with relation to the valve-stems, and a mech-

anism by which the eccentric-shaft is rotated.
10. In a gas-engine and in combination,cyl-
inders having pistons movable therein, a

crank-shaft with which the pistons are con-

nected to move in unison, admission and ex-
haust valves, cams mounted upon shafts and

| adapted to open and close the-valves, ful-

125

I30

crumed lever-arms carrying the journals of |

the cam-shafts and guides for the movements

means for supplying hydrocarbon liquid | of said arms, a shaft carrying eccentric-rods
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connecting with the fulerums of the levers
whereby they are movable, a pinion upon the
eccentric-shaft, a slidable rack engaging the
pinion whereby the shaft is rotated to vary
the positions of the lever-arms and the eam
shafts carried thereby. - |
11. Inagas-engine and in combination,cyl-

Inders having pistons movable therein, a
crank-shaft with which the pistons are con-

nected to move in unison, inlet and exhaust
valves, cam-shafts and cams mounted there-
on adapted to engage the valve-stems and
open the valves when the ecrank-shaftisturned
in one direction, other cams mounted upon

the shafts and adapted to open the valves so

as toreverse the movement of the crank-shaft,

journal-boxes for the cam-shafts, beveled or
inclined cams carried upon the shafts and a

mechanism whereby said cams are moved so
that the cam-shafts are caused toslide in the
line of their axis and change the positions of

the valve-actuating cams to reverse the en-

gine. | | .
12. Inagas-engine and in combination eyl-

1

inders, pistons movable therein,a crank-shaft
with which the pistons are connected, inlet
and exhaust valves, shafts having two sets of
cams mounted thereon, one set adapted to

open the valves to rotate the crank-shaft in

one direction,and the other to open the valves
to rotate the shaft in the opposite direction,

slidable longitudinally whereby the cams are
moved to reverse the movements of the valves

and engine, mechanism consisting of & slid-

able rack-bar, pinions upon the cam-shafts

‘with which said rack engages when moved,

and inclined cams mounted upon the cam-
shafts so that their faces engage when the

shatts are rotated and the cam-shafts are

moved longitudinally to change the engage-
ment of the valve-actuating cams. |
~ Inwitness whereof I have hereunto set my

‘hand. |

| | GEORGE S. ANDRES.
‘Witnesses: | -

GEO. H. STRONG,

S. H. NOURSE.

5 |
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Jjournal-boxes in which the cam-shafts are
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