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Lo all whom 1t may coneern: -

e it known that I, Harey A. Buzr, a
citizen of the United States, residing at De-
trotf, 1 the county of Wayne and State of
M:chigan, have invented certain new and

useful fmiprovements in Internal- Combus-

trwn Lngines; and I do declare the follow-
g to be a full, clear, and exact description
af e mvention, sueh as will enable others
=kilted m the art to which it appertains to
nke and use the same, reference being
had 10 the accompanying drawings, and to

the ficures of reference marked thereon,

whiich form a part of this specification.
My mveniton relates to the class of in-

Cternal combustion engines, and has for its

ohjoect (o provide an engine so constructed

Cabed :!I'r:mged that the engine cylinder 1S
cefieetually seavenged of all burned gases re-

petning therein after each explosion with-
1 the combustion chamber.
A further objeet of my invention 1s to

‘provide an internal combustion engine so

con~tructed and arranged that the power
~trolle may be longer than the compression
stroice, in such manner that the gas therein
will exluoust -therefrom at substantially at-
hio=pherle pressure, or 1t may be crranged
~u that tiwe power stroke is equal 1 length
to the compression stroke, and the gas ex-
hausted Trom the engine at usuz! pressure.

Wiih ail these objects In view my inven-
tien consists in the novel construction and
arrangement of parts, and particuiarly in

the loeation and arrangament of the auaxil-

iry valve and port located at a point in the
engme ceviinder abeve the usual exhaust
poert, and in the construction and operation
of ihis valve automatically. |

v omvention farther consists in certain
oither niovel detutls of construction and in
conthimationz of parts. all of which will be
fir=st {vliy desceribe.l and afterward specifie-
atly pounierd out 1n ihe sppended elatms.

{iefereing to the accompanying drawings:
Figure 1 1x g side ev-vation of the internai
combustion engire constyucted in aceord-
anee wWith my inveiticn.  Fig. 2 is a trans-
verse vert:eal secuionat view throughn the
same. snd Fig. 3 s a deiaat view dlustrating
tize water cireiatiig pump and frel pump
to the e-ceniric on the eroine
shart. ' '

Like numerals of referenca indicate the
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mg 29 and the engine cylinder.

same parts throughout the several figures in
which:

1 1ndicates the engine which comprises the
: cyhnder 3, water
' jacket 4, erank case § and piston 6. As will -

cemtbustion chamber 2,

appear from I1g. 2 the piston 6 is enlarged
at 1ts beftom portion forming an auxiliary

or differential piston 7, said piston 7 oper-

ating within the auxiliary or differential

55
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cvhinder 8. The working piston ¢ and the -

auxiliary or differential piston 7 are pro-
vided with suitable compression rings 9 as
clearly shown. |

Connecting the crank case 5 with the com-
bustion chamber 2 is a bypass 10 and at a
point in the cylinder substantially opposite
the opening of the bypass therein is ar-
ranged the exhaust port 11. Arranged above
the exhaust porg 11 and at a cuitable point

in the wall of the cylhinder 3 is an auxiliary

port 12, said auxiliary port communicating
with a valve chamber 13, within which
chamber 1s a balanced puppet valve 14, said
valve 14 being carried on a stem 15 over
which stem 1s a coil spring 16, one end of
sal] spring being in engagement with the

guide 17 on the valve chamber 13: the other

end of said spring 16 being 1n engagement
with a collar 18 secured to the stem 15, the
normal tendency of suid spring being to
unseat the valve 14, ' -

19 indieates a diaphregm arranged over
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the end of the valve stem 15 and normally

in engagement therewith, said diaphragm 19
being housed within a suitable casing 20.
(‘onnected with the diaphragm easing 20 and
with the explosion chamber 2 of the engine
1s a pipe 21, witinn which pipe 1s arranged
a suitable valve 22 for the purpose of closing
comiunication between the diaphragm cas-
3 Suitably
arranged 1n the head 23 of the cylinder is
a spark plug 24, the same being preferably
what 15 usually termed a “jump spark
plug,” although as is clearly evident any
other suttable type of ignition device can
he emploved, the location of the sparking
points 23 bemg preferably as shown. in
fig. 2. |

205 indicates a needle valve through which
the fuel 1s led into the firing chamber 2,
ibis construction providing for introducing
the fuel into the firing chamber in a liquid
-tate. Connected with the needle valve 26
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by means of any suitable pipe or connection
. said pump being

LY

connected to and operated by a suitable ec-
centric 28 preferably on the engine shaft 29;

1t being of course understood that the pump

27 1s so constructed, arranged and operated
that 1t will foree a sufficient quantity of
fuel into the firing chamber 2 at the proper
time and when the engine piston 6 1s at a
certain predetermined point in its stroke.

30 indicates the usual water circulating
pump which obviously can be connected to
and operated by the eecentric 28, while of
course an engine constructed in accordance
with my 1nvention and of the air-cooled type
obiviates the necessity of the water circulat-
Ing pump. _ . |

Referring now to Figs. 1 and 2 it will be
seent that a port 31 is located in the auxil-
1ary cylinder 8 at a
the up stroke -of the auxiliary or differ-
ential piston 7; and as will appear from Fig.
2 the bore of the auxiliary cyvlinder 8 is con-
siderably larger than the bore of the engine
cviinder 2. |
. Referring now to Fig. 1, 32 indicates a
circutt breaker or timer which is geared
to the fiy-wheel 33 by means of a beveled
gear 34 carried on the shaft 35 and a similar

gear wheel attiched to the fiy-wheel, said |

last mentioned gear wheel not being shown.

While I have illustraied the cireuit
breaker or timer it is of course evident that
any other system of ignition other than the
jump spark can be employed, in which event
no commutator or tumer will be applied
to the engine. o

Having thus fully described the several

parts of my Invention its operation is as fol-
lows: Referring to Fig. 2 it wiil be seen
that the piston 2 is at the limit. of its up-
ward stroke. We will consider that a proper
quantity of fuel has been introduced into
the eyvlinder and that the same is being fired.
While the valve 14 is usually seated by the
comprassion within the cylinder at the time
of the explosion of the compressed gas, the
explosion acting on the piston will move the
piston downwardly on its power stroke and
the pressure within the cylinder will pass
through tie pipe 21 and act upon the dia-
phragm 20, forcing said diaphragm into
position shown in Fig. 2, and seat the valve 14.
The piston will move until it reaches the ex-
haust port 11, at which point the exhaust will
take place. As the piston uncovers the ex-

haust port 11 in one side of the evlinder it will |

also uncover the port of the bypass 10, and
as the auxihary or differential piston 7 has
on 1ts down stroke compressed the air within
the crank case 5. the said air will pass up
through the bypass 10 and into the cvlin-
der, and the area of the auxiliary eviinder 8
being much greater than that of the engine
cylinder 2 a correspondingly gic. v quan-

ot above the limit of

948,308

tity of air is forced into the engine evlinder
2; 1 fact a greater quantity 1s forced into
tiie engine cvlinder ¥ than can be accomnie-
dated therein; consequently the excess air
will enter the engine eylinder and pass out
througl the exhaust port 11 carrving with

it the burned gases.  As scon as the exhanst

takes place through the exhaust port, or
when the pressare within the engine c¢viin-

| der becomes equal to that of the atinosphere

the spring 1€ raises the valve 1. The piston

now starts on 1ts upward stroke, the valve 14

being opered. Consequently a large portion

| of the air and any remaining burned gases
within ‘he c¢ylinder 2 will be forced out

through the f)ort- 12 and valve 14 until the
said port 12 1s closed v the upward stroke

| of the piston. The port 12 being now closed

by the pision the compression of the air re-
maining within the eylinder commences. anid
25 the piston reaches the position shown in

2. 2 the fuel 1s injectea therein through
the needie valve 26, the air within the com-
pression space being under high compression
the liquid fuel is mstantly converted inwo
gas and fired. It will thus be ~cen that the
compression stroke of the piston 1s actually
from the port 12 to the position shown in
Fig. 2; while the power stroke of the piston

1s actually from the position shown in Fig.

2 to the exhaust port 11, that portion of

the pisten stroke from the port 12 to the
exhaust port 11 allows ihe gas to further ex-
pand to such an extent that when the exhaust
actually occurs through the exhaust port 11
the gases will have been expanded to sub-
stantially atmospheric pressure. In order to
accommlish this the auxiliary port 12 must he
loczated 1 the evlinder at a poinr above the
exhaust port 11 so that the balance of the
stroke of the piston will be lfong enough to
allow the gas to expand o =ubstantially at-
mospheric pressure. The relative locations
therefore ef the auxilary port 12 and ex-
Lhanst port 11 will vary to meet requirements
of engines of diderent hores aud strokes.
Whenever it 1s desired to give the engine
a Tull power stroke. that s from the hnt
of s up stroke to the hmit of s down
stroxe. the valve 22 withan the pipe 21 1s

elosed and the balaneed valve 1 can benmm-

tatned 1n a seated position, by any suitable
antomatic or mechanieal means.  When in
thix position the anr passing into the evhin-
der by means of thie bypass 10 will cease {o
pa~s out from the exhaust port 11 as soon ax
said port ix covered by the piston at the Le-

Comning of its up stroke.  The compression

of the remaining atr within the eviimder will
then commence as soon as the piston has cov-
ered the exhaust port 11 and said comopres-
stonn will econtinue until the piston has
reached the position shown m Fig, 20 'the
fuel is injected into the eyvlinder when the
piston is m this position and firing and {i.e
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power -treke will then confinue nntil the pls-

CHOR s u]wnu] the exhanst port 11, the aux-

Hinry port 12 and ilie valve 14 being cut ont
perfori no function and therefore the s 18
exhausted at the nsual pressure he(“mue of
the greater volume of the charge. However
as 1s ;11}1;{11911’( the valve 22 mav be closed 1n
order to maintain the balanced valve in an
open position mm which event the eviinder

Csfarts. to mlmuht a5 soon ax the auxiliar v ex-

haust pert is nneovered by the piston and
the power of the engine is thereby consider-
al}h‘ reduced.  In order to seal the valve 14
mechanieally and prevent its operation. T
provide a pivoted cam 14, said cam l}eing
provided with slots 167 actine on a pin 17
carried on the stem 13,

By reason of the complete scavenging of
the evlinder on account of the introduction

and exhausting of the excess air. which ex-
hausting ecarrtes with 1t any  remaining

burned gases, a greater variation in the pro-
pmtmm of ]I\'{]l'() carbon and air can be 1g-
nited than is ordinarily possible for {Tre
reazon that the mixture is not vitiated by the
usual quantity of burned gases. Since prac-
tically none of the burned gases remain in the

t'vlmder a bhetter and more eflicient combus-.

tﬂl]e mixture can be obtained which results
In an mcrease ef power nd 1n economy of
fuel.

Having thus full> deseribed my invention
what I clair as new and desire {0 secure by
Letters Patent of the Uniled States, is;

I. An mnternal combusi.on enginie compris-
ing a cvlinder a piston and a crank case, an
auxiliary or differential pisten formed on
the lower end of said first mentioned piston
and an anxtliare < clinder within which said
differential or auxiliary piston operates said
auxuiary cyhinder epening into the crank

ase, the bore of said auxiliary cylinder be-
ing greater than the Lore of said first men-
tioned cylinder, a bypass for. causing com-
mummtum hetween .he crunk case of the en-
gine and the first mentioned cylinder, an

“exhanst port in said first mentioned cvhnder

controlled bv the piston for exhaustine the
aas therefroni. an auxiliar y port ar r.mtred in
the first mentioned cvlinder at a point be-
tween the limit of upstroke of the first men-

tioned piston and the said exhaust port, a |

valve commanding said auxtliary port, a

llve stem, a dmphragm n engagement with
sald valve stem, means for communicating the
pressure within the first mentioned cylinder
to said diaphragm to close said valve com-
manding said anxiliary port, means for lead-
g the fuel ints the first mentioned evlinder
and means for firing the same, the whole be-

- ing armnt‘rod in stich manner that an excess

65

of air 1s delivered from the crank-case to the
engine cylinder.

2. An internai combustion engine com-

548 3028 S 55
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|

a byoass for
tweets the erank ease ef the engine and the
enenie evipder, an exhanst pori an sand
controtled bLy the piston for ex-
hausting the oS Inewtmm. At
exhaust port loca

auxiliary port, a valhie stem, a dmpluawm
i engagement with =aid vaive stem. lllthllh
for communicating pressure withim sand eyl-

mder {o saud fhl[‘!lllaﬂ'i}? to seat said valve,

mmm for leadimge the fuel mmto said {,\lm-

_um'. and means for firing the same.

3. An mternal combu%tmn engine coni-
pristng a cylinder, a piston and a erank
case, 4 bypass for CAUSIYT cominubieation
ank case and the engine eyl-
imder, a piston controlled exhavist pmt for
exhausting the cvlmder, an auxihary ex-
haust port arranwd above said exhaust port.
a valve commanding said auxiiary exnnust
port, means for communicating the presstire
within saad eviinder {o said Talve to soart
the samie ai the beginning of the power
stroke of the piston. means for le: ading fuel
to the engine ¢yimder and means for hrmﬂ
the sae.

4. An internal combustion engine com-
prismg a cvhinder and a piston, an exhaust
port in said eyiinder. an auxiliary exhanst
port covered by said piston during a portion
of 1ts stroke, a valve commanding said anxil-
jary exhaust port and means for utihizing

the pressure within said L"ihllf]{‘l‘ to seaf %.ml |

valve at the time of the expivsion within
caid evlinder.

5. An internal combustion enﬂ'uw CONL-
prisine a eviinder and a piston. an auxiliary
or differential pizton formed on the end of
the first mientioned piston. an auxiliary cvl-
mnder within which <aid auxilinry or differ-
ential piston operates, said auxiliary evlin-
der being arger i bore than the Srst nen-
tlon?d CcV linder. means for cansing ummm-
nication between the first mentione } evim-

e L Qe e s - Cw
cficciinge compmnicat:on be-

RuxHary
ed in said criinder above
“said exhaust port. a valve commanding said

30
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der and the auxiliary evlinder. u piston con-

trolled exhaust port in the first mentioned
cvlinder, an auxihary exhaust port m the
first mentioned evlindder. said anxiliary ex-
haust port t being adapted to be covered hy
the piston duww a portion of s =troke. a
valve comnmml:wr said auxthary. exhaust
port and ineans for utilizing the pressure
within the first mentioned ceviinder to seat

said valve when there is pressure wnhm said
eviinder.
6. An internal combustion engine com-

prising a cylinder and a.piston. a piston
controlied exhaust port in sawd evhiinder, an
auxiliary exhaust port m sad evimder, said
;111\111.11‘4. exhaust por{ beingo u]..lptml to be
covered by the piston during a portion of
the stroke of the piston, a valve command
mg said anxiliary exhaust port. means for

prising a cylinder, a piston and a erank case, | no"lm]h nmmt.lmmﬂ' satd valve in an uu-
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sealed pOSii:iOI}, and means for utiiizingthe
pressure withm said cylinder to seat said

valve when there is pressure within said

cylinder. | _

7. An internal combustion engihe com-
prising a cylinder and a piston, a piston con-
trolled exhaust port in said cylinder, an
auxiilary - exhaust port in said cylinder
adapted to be covered by the piston during
a portion of its stroke, a valve commanding
said auxihiary exhaust port, means for seat-
ing the said valve by the pressure within

the eylinder, and means for unseating the

valve when the pressure has been relieved
from the engine cylinder.

8. An. internal combustion engine com-

prising -a cylinder and a piston, means for

“introducing into said cylinder a volume of air

20
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greater than the capacity of said cylinder, a
piston controlied exhaust port in said cvhin-
der, an auxiiary exhsust port in said cvlin-
der adapted to be uncovered by said piston
during a portion of its stroke, a valve com-
manding said auxiliary exhaust port, means
for utilizing the pressure within said cylin-
der to seat said valve dquring a portion of
the power stroke of the piston, and means
for unseating said valve when the pressure
within the cylinder is relieved and for main-
taining said valve 1n an unseated position

“during a porticn of the return stroke of the :

piston. |
9. An i1nternal combustion' engine com-

!
|
!

'I

|

3

}

prising a cylinder and a piston, a piston con- [

trolled exhaust port in said cviinder, an
auxtllary exhaust port in said eylinder
adapted to be covered by the piston during

a portion of its stroke, a valve commanding :

 said auxiliary exhaust port, means for util-

40
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1zing the pressure within said cyvlinder to
seat said. valve, and further means for main-
taining said valve in a permanently seated
position when said ports are uncovered by
the piston. | - '

10. An internal combustion engine com-
prising a cylinder and a piston, a piston con-
trolled exhaust port in said eylinder. an
auxiliary exhaust port in said cylinder
adapted to be covered by said piston during
a portion of 1its stroke, a valve commanding
sald auxdiary exhaust port, means for nor-
mally unseating said valve when said first
mentioned exhaust port is uncovered by said

!
|

|
1
!

ﬁ

- within the cylinder.

|

£ - B ~ $48,308

piston, and means for maintaining said valve

In a permanently seated positicn when said
exhaust pert is uncovered by said piston.
11. An nternal combustion engine com-
prising a cylirider and a piston, an exhaust
port mn said cylinder, an auxiliary exhaust
Eort i said cylinder adapted to be covered

L

a valve commanding said auxiliary port,

means actuated by the pressure within said
cvlinder to seat said valve, and means for

‘permanently relieving the valve seating

means from the pressure within the evlinder

i such manner that the said valve will not
- be seated thereby.

12, An internal combustion engine com-
prising a cvlinder and a piston,. a piston
controlled exhaust port i said eylinder, an

auxiliary exhaust port in said cylinder

adapted to be covered during a portion of

. the stroke of the piston, a valve command-

ing said auxiliary exhaust port, means for

normally unseating said valve during a por-

tion of the normal compression stroke of the
piston fo exhaust the cylinder in such man-
ner that the effective compression stroke of
the piston 1s shorter than the normal stroke
of the piston, and means actuated by the
pressure within the cylinder for seating said
valve. - A |

13. An internal combusiion engine com-
prising a cylinder and a piston, a piston con-
troiled exhaust port in said eylinder, an aux-

v sald piston during a portion of its stroke..

60
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iliary exhaust port in said cylinder adapted

to be covered by said pision during a portion
of 1its stroke, a balanced valve coinmanding
said auxiliary exhaast pory, and means for
seating said balanced valve by the pressure

‘14, An internal combustion engine com-

prising a cyhinder and a piston, an exhaust

imrt m said evhinder, an auxihiavy exhaust
port mn said cylinder, a valve conunanding
said auxiliary exhaust port and means for
seating saxl valve solely by the pressure
within the cvlinder. .

111 testimony whereof, I affix my signa-
ture, in preserce of two witnesses.

HARRY A. BURT.

Witnesses: l
C. Huen Durry,
O. E. Durry.
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