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‘Be it known that I, l.eoroLb F. BURGER, ¢
citizen of the United States, residing at An-
derson, in the county of Madison, State of
Indiana, liave invented certain new and use-
ful Improvements in Tandem Gas-Engines,
of which the following is a specification, ref-
erence being had therein to the accompany-

-+

" This invention relates to a duplex tandem-
engine, and particularly to an explosive-en-

~ wine comprising a plurality of cylinders op-

15,

20

. ‘o

erating upon a four-cycle system.

- The invention has for its object to Pr{ivide'
one of -

a compression-chamber at the end o
the cvlinders, whereby the piston therein 1s
adapted to compress the fiuid within this
chamber, which is" subsequently alternately

supplied to the explosion-chambers in addi-
tion to the suction-1take of explostve mixture
drawn into the cyluder in the movement of |

the piston away from the intake-valve. =
Another and further object of the inven-

tion .is to provide a system of governing-

valves for the intake into the.two explosive-
chambers as well as the compression-cham-
ber, all under .the direct control of. a govern-
ing mechavism carried by the crank-shaft;
while the exhaust from each of the explosive-
evlinders and the feed from the compression-
chamber to said explosive-cylinders are.auto-

W

" maticsally controlled by means directly driven

.40

45

from said crank-shaft.
Other and further objects and.advantages

of the invention will be hereinafter set forth -
" and the novel features thereof defined by the
. a.pfended claims. a | '

n the drawings, Figure 1 is.a side eleva-

tion of the engine with partsin section; Fig

2, a longitudinal horizontal section thereol
on the line 2 2 of Fig. 1; Fig. 3, a vertical
cross-section on theline 33 of Fig. 1; Fig. 4, a
similar view on the line 4 4; K ig. 5, a defail

horizontal section of a modified application.

in which the governing-valve is onutted from

the compressions¢chamber, and Fig..6 a verti-

" * cal cross-section upon the line 6 6 of Fig. 5. -

50

Like letters of reference refer to like p arts
in the several figures of the drawings. |

-The letter A gesig;mtes the engine base or
foundation, ‘which may be of any desired

* characteror conficuration and which is adapt-

ed to support at one end a crank-shaft A',

F
a
-

| piston . B’ “therein has a solid rear face B3,

of valve herein illustrated in Fig. 2, which

| intake-valve F, ] the lowe :
its stem F” with a tension-spring F?, by which
it, is normally held closed, snd this valve is®

fhaving securéd thereto the usual balance:or *

¥ -
i - 5 ';‘.
N
.'
]

fly wheel A®, while at the opposite end of the 55
base the cylinders B and C are supported 1’ -

tandem relation to each other. :The. otter. -
-cylinder may begeparated by anymeans—iaor.

instance, o standard A3,.as shown in Fig. 1.

and the cylinders are suitably water-jacketed- 6o
for the purpose of cooling thesameintheusual "
manner and are supp'ort@d;b%a partition: D, +

‘through which a piston-rod D’ extends-and.-.
is connected to the pistons B’ .and. ( within -
the cylinders B and C, respectively. - A:suit- 65.
ahle packing-box D? is provided in the parti- . -
tion ]%.,} which partition preferably is.of a dou- .

ble-wall construction, as herein shown, but1t. .-

‘is only necessary that the same offer a proper =
resistance to the explosive action in the-cyl-

70

inder.C. At one end of each of the pistons.
an explosion-chamber B* and.C? is provided, -

while at the opposite end of the cylinder Ba -
compression-chamber E is formed, and the -
5% .75

which acts as a compressing-piston for the.
fluid within this -chamber in the outward
movement of the piston B/. The piston (' 1s
packed in thé usus! manner and is provided
with a pivoted conuection C* to a pitman Al
extending from the .arm of the crank-shaft
A’. Each of the explosive-cylinders is sup-
plied with a suitable intake-valve of any or-
dinary construction—for instance, the form

8o.

has been found-very desirable and 1s more
specifically disclosed.in my allowed applica-
tion, filed December- 19; 1903, Serial No:
185,880. This form of valve comprises -an
provided at the lower end of ‘go

fed by a cylindrical governing-valve F°; hav-
ing ports of greater area than the ports.of
This casing is surrounded for a portion.of its
length by an air-chdémber F%, by which-airis
supplied to the ports of the valve, and at one
end with gasrports F¢, communicating with. . -
the chamber ¥7 at the lower portion of the in- 100
take-valve. . These intake governing-valves. -

‘the casing F*; within which it reciprocates. g5

are provided for each of the explosive-cylin- .*

ders in order that _tl}e usual charge may be -
taken therein, and.if it be desired to compress
a mixed charge of air and gas within the com-

_ 0§
pression-cylinder E a similar valve is pro- .



vided at that point, as shew in Kig. 2, while
if:1t be preferable to compress only a single

- fluid' an .ordinary spring-controlled intake-

valve may be provided, as shown at G in
Kigs. 5and 6. In this modification of the in-
vention the casing G’ of the valve G may be

- connected at G* with a source either of alr or

10

of gas, and the fluid received therethrough
wﬂ%be compressed and distributed, as here-
inafter set forth. The valve G in this form
1s held normally closed by means of the spring
G4, acting upon the stem G? thereof, so that

the charge+¢is drawn into the compressing-

cylinder in the moveinent of the piston away
therefrom. The series of these governing-
valves as used are connected to a suitable

. gas-supply pipe 8, asshown in Fig. 2. When

20

25

this system of governing-valves is used, they
are connected together.by any desired form
of valve-rod, as shown at F% and governed
by the crank-shaft through the medium of

suitable governing mechanism, one form of

which, part:cularly desirable for this purpose,
is herein illustrated and comprises a pinion
H, rotatably mounted upon the end of the

- crank-shaft bevond the balance-wheel A% and

- 3°

40

provided with a wrist-pin H’, disposed eccen-
trically to the axis of the crank-shaft, from
which a rod H? extends.and-s connected to

the crank-arm IH® of a rock-shaft pivotally
mounted upon the base of the engine and pro- :

vided at its inner end with a similar arm H*,
connected to the valve-rod ¥? to control the
same. The eccentric-pin H’ is usually set
from ninety degrees to oné hundred degrees
abead of the crank-arm, and its position rela-
tive thereto is shifted by means of the gov-

-ernor H?, provided with the usual weights H®
and pivotally mounted at 7 upon the bal-

ance-wheel. At one side of its pivot a seg-

- mental gear H® is provided, which meshes

with the pinion H to move the same, while

- the usual tension-spring H!® and dash-pot H?

45

. 80

are provided for the purpose of governing the
movement of the weighted arm. The fluid
compressed within the compression-chamber
¥ 1s discharged therefrom through suitable
valves I, which are disposed in casings I’ and
normaliy held closed by meansof a spring 12,
while the extended stem I3 of the valve is
adapted to be actuated by means of g lever

.I4, Figs. 4 and 5, pivotally supported at I8

-upon a bracket and provided at its opposite

~end with a contact-face I¢, adapted to be en-

60

gaged by a cam I’ secured to a rotated lay-
shaft 1% so that the valve may be automatic-
ally opened at the proper period to supply

the charge from the compression-chamber to’

the explosive-chamber after the cylinder has
drawn in its ordinary charge.. Two of these
valves are shown in Fig. 1, one to independ-

- entlycontrol the feed toeach of the explosive-
“evhinders, and their number mav be varied as

03

found necessary or desirable, . From each of
these valves a suitable feed-pipe 1* extends

816,215

to the chamber of the. intake - valve F , 88
shownin Figs.1and 2. = . -.
Hach of the explosive-cylinders is provided

‘with any desired form of exhaust-valve, as
shown at J, mounted in a casing J’ and pro-
vided with a stem J?, having the usual ten- -

sion-spring J° for getaining the valve in a

closed position. For the purpose of opening

the valve at the proper period to relieve the
exhaust from the cylinders a crank-arm J* is

pivotally mounted upon a bracket from the

casing J’ and provided with bifurcated arms

J° to embrace the lower portion of the casing,

from which a shoe or stirrup J° is pivotally

suspended, Figs. 1 and 3, and embraces the
lower end of the valve-stem J* This crank-

arm 1s conaected at its opposite end by a piv-
otally-secured rod J7, extending to a lever J2,

which is pivoted at J? to the casing of the eyl- |
inder and at its opposite end to the rod J7,

whileupon the face thereof a friction-roller J1°
1s provided and adapted to engage a cam JU,
secured to the lay-shaft I® at suitable points
relative to the disposition of the -exhaust-

valves .in each of the ¢ylinders. ' This lay-.
shaft may be rotated by any desired means— -
for instance, the worm - gearing K K’, as

70

75

8o

go

shown in Fig. 2, whereb¥v 1t is rotated in re-

lation to the crank-shaft so as to effect one
rotation duringevery-two revolutions of the
crank-shaft. R |

In the operation of this engine the pistons
perform the usual functions of a four-cycle
engine, but are so controlled as to operate in
alternation—that is, while one piston is draw-
mg m a fresh charge the other is at its ex-
plosion-stroke. Under such conditions, with
the parts m the position shown in Fig. 2, the
piston at the left in its movement from the
mtake-valve will draw in a charge of air and

95

100

105

gas through the .controlling-valve at atmos- =~

pheric pressure.

chamber has effected a compression of the

charge within this chamber. and the auto-

matically - coiitrolled valve from the com-
pression-chamber is then opened and intro-

duces a compressed charge into the evlinder

supplemental to the charce drawn therein at
atmospheric pressure: In the return move-
ment of the left piston toward the intake-

valve the combined charces are cmnProssed.'

cortstituting the second cvele, and when this

‘piston has reachéd the height of its compres-
ston the ignition of the charge thus com-’
‘pressed occurs, driving the piston to the right,
and thuscompressing the charee ia the cham-

ber which has been drawn in during the see-

-ond cycle of this piston movenment. . During
| the return movement of the left piston to-

ward the intake-valve constituting the fourth
cvele the exhaust- 7alve is.openéd and the

| explosion-chamber freed from burned gas iu
the usual manner. During the explosion-
| stroke of the left piston the right piston

_ During this movement the
face of the piston opé)osne the conipression: -
a

110

130



818,215

draws in its charge, and at the end of this
suction-charge in the cylinder of the right
piston the compressed charge is admitted by

the. automatically - controlled valves of the

compression-chamber, so that it will be ap-

parent that an impulse is received at each

- revolution by the aiternate operation of the
.exhaust-valves for the respective cylinders

10

“single compression-chamber supplies both of

15

20

which are controlled by the lay-shaft geared
to rotate one revolution for every two of the
crank-shaft. It will also be seen that the

the explosion-cylinders by the alternately-

operated valves disposed theremn and com-

municating” with each of said chambers,

while both the explosion-cylinders and the

compression-chaniber are supplied with au-
tomatically and simultaneously . controlied

crank - shaft of the engine. This governor
will remain in fixed position until the engine

reaches the speed at which it 1s set, when
throuch the connections shown the eccen- |

D

tric-pin will be shifted from ninety degrees to

one hindered decrees ahead of the crank to

possibly one hundred and fifty degrees ahead; -

- according to the-load upon the engine, and

30

35

40

45

 sion-chamber throug

55

6o

6

Yy so doing will open the ports of the con-
trolling-valves before the suction-stroke and

close these ports before the end of that stroke, |
thus permitting only a small amount of air |

and gas to be drawn into the cylinders, which
effects a very light expansion relative to the

ower desired for the load upon the engine.

n the modified form of the invention*an
ordinary intake-valve has been used, and 1n
such event the compression-chamber may be
fed by producer-gas or air alone. In the for-
mer case no air i1s admitted through the 1n-
take-valve,and as the producer-gas is of a

very low British thermal unit and requires a

great deal more gas than would be required

when using natural.or artificial gas there- | .
‘having explos.on-chambers at the same end,

fore by permitting the pistons to draw 1n

their regular charge of the mixed air and gas
into the explosion-cylinders and adding
thereto the gas comipressed in the compres--
the valve connections
the volume of ¢as in the explosion-cylinders |
will be increased, and as a naturaf'conse--
quence will have approximately as strong an |
“expansion as either natural or artificial gas,
] In the event.
that natural gas be used 1t 1s only necessary

thus effecting a duplex engine.

in most cases to admit air to the compres-
sion-chamber and draw a richer mixfure of

of air that was admitted into the compres-

‘sion-chamber. It will be seen that an en- |

gine constructed i accordance with this in-

air aid gas into the.-explosion-chambers, to
wirch the air from the compression-chamber
is added at the end of each suction-stroke ot.
the pistons, in which -event no governing-
‘valve would be required to control the amount

3

by using .;the;é:,entmlly{dﬁgposed copression-

chamber as when the-air or gas or combined
gus and air are:used. This compression

chamber is partitularly intended and adapt
“ed for.use in connection with a plurality of

a

‘eylindérs :operating upon s four - cycle s¥s-

tem, whether they beé dispesed in tandem or
otherwise, said cylinders.being controlled for
alternate operation, ag.§et forth. Thus there

r
b

' will be an explosive impulse in one cyhinder

during one revolution of the crank-shaft and

“a similar impulse in the other cylinder during
the next revolution, and as the compression-
chamber acts with every revolution both of
the cylinders may be conveniently charged
from the single compression-chamber. This
' chamber is-also adapted for vse either with
| gas or air singly or gas and air combined, as
valves actuated by a governor carried upon a

ereinbefore described, and the use of the sup-
plemental compressed charge in addition to

| the suction charge of the cylinder greatly in-
creases the power of the engine and provides

means by which the explosive mixture ma
be controlled in character and degree to el-

fect the most efficient results. |

Tt will be obvious that changes may be

| made in the details of construction and com-

ficuration without departing from the spiri$
of the invention as defined by the appended

claims.

| _H_aving‘described my invention and set
forth its merits, what I claim, and desire to

secure by Letters Patent, 15—

1. Ina gas-engine, a plurality of ¢ylinders
having explosion-chambers at the same end,
simultaneously-operating p.stons therem, a
compression-chamber d.sposed imtermediate
of said cylinders and in communication withe
the piston in one thereof at its end opposite
the explosion-chamber, and ineans to convey
the compressed fluid from said chamber to
either of the cylinders. o

2. -In a gas-engine, a plurality of cylinders

simultaneously-operating p:stons therein, a

‘compression-chamber d.sposed intermediate
of said cylinders and in communication with

the piston in one thereof at its end opposite
thé explosion-chamber, meéans to convey the
compressed fluid from said chamber to either
of tge cylinders,-and governing ~ valves for
each of'tﬁe} ¢ylinders independent of the con-
Eeying means from the compress.on-cham-
per. o | e

| 3. In & gas-engine, a plurality. of cylinders
‘| having éxplosion-chambers at the same end,

simultaneously-operating p:stons therein, a
compress‘on-chamber d.sposed intermediate
of said cylinders and in communieation with
the piston in one thereof at its end opposite
the explosion-chamber, means to convey the
compressed fluid from said chamber to e ther
of the evlinders, govern:ng-valves at the n-
take for each of the evlinders independent of

K%

A

75

Se

83

90

95

I OO

IQ)

116

120

123

vention will produce about twice the power i the conveying means from the compression- 130
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chamber, and independent diseharce-valves t

to control the conveying means From the
compression-chamber to each evlinder.

4. In a gas-engine, a plurality of cylinders,

having explos on-chambers at the same end.

~simultaneouslv-operating. pistons therein, a

10

20

2

30

35

40

45

50

55

60

compressson-chamber disposed intermediate
of said cylinders and in conmunicat on with
the piston in one thereof at.its end opposite
the explosion-chamber, means to convey the
compressed fuid from sa’d chamber to either
of the cvlinders, governing-valves for each of
the cylinders independent of the conveving
means from the compression-chamber, in-
dependent discharge-valves to control the
conveying means from the compresson-
chamber, a crank- shaft, a governor carried
thereby and connected to said governocr-

valves to simultaneously operate the same,

and a shaft driven from the crank-shaft and
provided with means for alternately operat-
ing the discharge-valves from the compres-
s.on-chamber.

5. In a gas-eng.ne, a plural:tv of cvlinders
separated by a partition, pistons in said cvl-
inders connecteéd by a rod extending through
sald partit.on, explosion - chambers at the
same end of each of said evlinders, and an in-
dependent compress.on-chamber at the op-
pos.te end of one cylinder from the explos.on-
chamber therein and communicating with
both explosion-chambers.

6. In a gas-eng.ne, a plurality of cvlinders
separated by a partition, pistons in said cvl-
inders connected by a rod extending through

saxd part.tion, explos.on. - chambers at the

same end of each of said cvlinders, a compres-
sion-chamber at the opposite end of one cvl-
inder from the explosion - chamber there:n,
intake-valves for all of said chambers, and
discharge-valves for the compression-cham-
ber communicating alternatelv with each of
the explosion-chambers.

7. Ina gas-engine, a plural.ty of cevlinders
separated by a partition, pistons in said cvl-
inders connected by a rod extend.ng through
said partit.on, explos on-chambers at the
same end of each of sa:d cylinders, a compres-
sion-chamber at the opposite end of one evl-
ider from the expios.on-chamber therein,
intake-valves for all of said chambers, d s-
charge - valves for the compression-cham-
ber communicating w:th each of the intake-
valves for the explosion-chambers, exhaust-

valves for each of the explosion-chambers, |

and a driven shaft provided with means for
alternately controllimg both the d'scharge-
valves of the compress on-chambers and the
exhaust-valves of the explosion-chambers.

8. In a gas-engine, a plurality of ¢vlinders
separated by a partition, pistons in said cvl-
inders connected by a rod extending through
said partition, explosion - chambers at the
satme end of each of said eylinders, a com-
pression-chamber at the opposite end of one

816,215

cylinder from the explosion-chamber therein,
mtake-valves for all of said chambers; dis-
charge-valves for the compression-chamber
communicating with each of the intake-valves

for the explosion-chambers, exhaust-valves
Tor each of the explosion-chambers, a driven

shatt provided with means for alternately
controlling both the discharge-valves of the
compression - chambers and the exhaust-
valves of the explosion-chambers, a govern-
mg-valve for each of the explosion-chambers,
and a governor for simultaneously control-
ling said valves. '

9. In a gas-engine, a plurality of cylinders
separated by a partition, pistons in said cyl-
nders connected by a rod extending through
said partition, explosion-chambers at one end
of said cvlinders, a compression-chamber at
the opposite end of one cvlinder from the
explosion-chamber therein, intake-valves for
all of said chambers, discharge-valves for the

- compression-chamber communicating with

each of the intake-valves for the explosion-

70

735

80

chambers, exhaust-valves for each of the ex- -

plosion-chambers, a driven shaft provided
with means for alternately controlling both
the discharge - valves of the compression-
chambers and the exhaust-valves of the ex-

plosion-chambers, a governing-valve for each

of the explosion-chambers, a governor for
simultaneously controlling said valves, a gov-
erning-valve for the intake to said compres-
sion-chamber, and a gas-feed for all of said
governing-valves. -

10. In a gas-engine, a cylinder provided at

one end with intake and exhaust valves and

at the opposite end with a compression-cham-
ber, a piston within said chamber having op-
posite operating-faces, a discharge-valve car-
ried by said compression-chamber, a lever
Tor opening said valve, a layv-shaft provided
with a cam for operating said lever, a crank-
shaft, and gearing from said crank-shaft to
sald lay-shaft for operating the same relative
to the rotation of the crank-shaft.

11. In a gas-engine, a plurality of cylin-
ders, pistons therein connected for simulta-
neous operation, intake-valves for said cylin-
ders, a compression-chamber, and means con-

structed and arranged for admitting the com-

pressed fluid to said cylinders after the suc-
tion charge has been received therein.

12, In a gas-engine, a plurality of cvlin-
ders, pistons therein connected for simulta-
neous operation, intake-valves for said cvlin-

- ders, a compression-chamber, means con-

structed and arranged for admitting the com-
pressed fluid to said evlinders after the sue-
tion charge has been received therein, and
means for controlling the feed and exhaust to
said cylinders to permit an alternate opera-
tion thereof. |

13- In a gas-engine, a plurality of eylin-
ders, pistons therein connected for simulta-

QO

G5

100

105
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I15

120

125

neous operation, intake-valves for said cylin- 130
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ders, a compression-chamber, means con-

structed and arranged for admitting the com-
pressed fluid to said cylinders after the suc-
tion charge has heen received therein, a con-
trolling-valve for each of said cylinders, an
intake-valve for said chamber, and a connec-
tion from the compression-chamber to the in-
take-valve bevond the controlling-valve.

14. In a gas-engine, a plurality of cylin-
ders, pistons therein connected for simulta-
neous operation, intake-valves for said e¢yhn-

~ders, a compression-chamber, means for ad-

mitting the compressed fluid to said cylin-
ders after the snction charce has been re-

5.

ceived theicus, u controlling-valve for each of
sald cylinders, an intake-valve for said cham-
ber, a connection from the compression-cham-
berto an intake-valvebeyond the controlling-
valve, a crank-shaft, a governor mounted

thereon, and means extending from said gov-

ernor for shitting the controlling-valves rela-
tive to the load upon the engine. -

In testimony whereof I affix my signature
1n presence of two witnesses.

LEOPOLD F. BURGER.
- Witnesses: |
Joux K. CuRrNs,

CrLayTroN K. CHEESMAN.

I3

20



	Drawings
	Front Page
	Specification
	Claims

