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INTERN‘AL-COMBUSTION ENGINE VARIABLE
COMBUSTION CHAMBER

Frank David Butler, Washington, D. C.
Application December 12, 1947, Serial No. 791,444
(CL 123—78)

(Granted under the act of March 3, 1883, as

3 Claims.

amended April 30, 1528; 376 0. G. 757)

In general my present invention relates to im-
provements in internal combustion engine variable
combustion chamber controlling devices and par-
ticularly to that type wherein such controlling
device is mounted within the main piston of such
engine and is operated automsatically and hy-
draulically by lubricating oil under pressure from
the lubricating oil system of such engine, and
similar to device for which I filed for patent in
the United States Patent Office on November 22,
1947, Serial No. 788,304.

‘The improvements reside in the  following:
stepping the auxiliary piston to a plurality of
diameters and thus practically equalizing the pro-
jected areas on either side of such auxiliary pis-
ton; providing a relatively small orifice and check
valve operating in conjunction with a journal and
bearing for purpeses of air venting the hydraulic
system of the device; providing means for re-

moval and replacement of the auxiliary piston &

and cylinder within the main piston other than
by removable trunnion journals; providing the
auxiliary cylinder with integral in place of re-
movable splined keyway; and, providing a com-
plete revision of the operating valves and the
principle of operation of the device in order to
broduce a more dependable, durable, accessible
and efficiently operating assembly.

A better understanding of the improvements
will be had from a reading of the following
specification and the accompanying drawings
of which latter: Fig. 1 is a transverse section of
my present invention as applied to one of the main
pistons of a modern multi~cylindered internal
combustion engine and illustrates the auxiliary
cylinder thereof bhall-journal supported in said
main piston and at its full downward movement
over the auxiliary piston thereof and as it would
appear (excepting on an angle thereto and with
the movable elements of the device in g different
Pposition of travel) on the dotted and broken
line 1—I of Fig. 2; Fig. 2 is a longitudinal sec-
tion-of the device as it would appear (excepting as
mentioned regarding Fig. 1) on the dotted and
broken line 2—2 of Fig. 1 and illustrates the
auxiliary eylinder at full upward movement over
auxiliary piston; Fig. 3 is a bottom plan view
of Fig. 2 partly in section and as it would appear
on the dotted and broken line 3—3 of Fig. 2; Fig.
4 is similar to Fig. 1 excepting illustrating the
auxiliary cylinder split in two at the center-
line of the trunnion journals thereof and so sup-
ported within the main piston and as it would
appear on the dotted and broken line §—4 of Fig.
b; Fig. 5 is similar to Fig. 2 excepting illustrating
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the assembly Fig. 4 and as it would appear on the
dotted and broken line 5—5 of that figure; Fig. 6.
is a bottom plan view, partly in section, of Fig.
4 and as it would appear on the dotted and
broken line 6-——8 of that figure; Fig. 7 is similar to
Figs. 1 and 4 excepting illustrating a variation in
the assembly of the device and as it would appear
(with the exception of a slight variation in con-
truction) on the dotted and broken line 7—1
of Fig. 8; Fig. 8 is similar to Figs. 2 and 5 with
practically the same variation in the assembly as
illustrated in Fig. 7 and as it would appear on the
dotted and broken line 8—8 of latter named fig-
ure; ¥ig. 9 is a bottom plan view, partly in section,
of Tig. 8 and as it would appear on the dotted
and broken line 9—9:of that figure.

With further reference to the drawings, and
particularly to Figs. 1-3, wherein similar nu-
merals indicate similar parts in the several
views:

The numeral | indicates the wusual enbloc
cylinder -casting of a multi-cylindered (four
stroke cycle) internal combustion engine, 2 the
enbloc cylinder head casting, 3 the head gasket,
§ one of the inlet valves, 5 one of the exhaust
valves, 6 the crank-case and T the crank-shaft.
The combustion chamber 8 is formed between the
under side of the cylinder head 2 and the upper
end of the main piston 9 within the main eylin-
der 1 and is variable in cubical size by the auto-
matically and hydraulically operated control de-
vice unit 9 flexibly mounted within said main
piston. The connecting rod {1 is cylindrical and
externally threaded at its upper end for connec-
‘tion with the sleeve (8’ of the piston 14 and it has
a-journal 12 at its lower end.

This combustion chamber controlling device
unit 19 consists of the following; an elongated
auxiliary cylinder {3 made in two halves with
each half having a different size internal bore
and each bore adapted To be secured in tandem
with the other and said cylinder being adapted
to be trunnion and/or ball journal suported with-
in sald main piston 9; an elongated auxiliary
piston (4 having a plurality of external diame-
ters with a2 head at the smaller diameter end
thereof and its elongated internally threaded
tubular portion 18’ at the larger diameter end
thereof and both ends being adapted to be slid-
ably mounted within the tandem adjacent halves
of said auxiliary cylinder; it may be modified to
have means in the form of a splined keyway
15 (as seen only in Figs. 4 to 9 inclusive) integral
with one half of cylinder i3 and corresponding
to and operating in conjunction with a splined key
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16 (integral with the connecting rod) for main-
taining alignment between the connecting rod
journal 12 and the trunnion journals §7; a closed
cylindrical chamber {8 located within cylinder
13 adjacent head end of piston 14 and adapted
to contain lubricating oil under pressure there-
within; a closed annular shaped chamber {9
located within cylinder 13 adjacent tubular end
of piston 1§ and (in Figs. 1 to 6 inclusive) hav-
ing an inner compartment thereof connected
therewith through access ports 20 (in piston 14),
and adapted to contain lubricating oil under
pressure therewithin; a spring loaded combined
fluid operating and relief valve 21 located in
chamber {9 and seating towards chamber 18
over a relatively large hole (Figs. 1 to 6 inclusive)
and/or a series of relatively small holes (Figs.
7 to 9 inclusive) located in piston 14 and other-
wise connecting chambers {8 and 19; means in
the form of a plurality of annular shaped wash-
ers 22 for the purpose of manually adjusting the
tension setting of the spring 22’ of said valve
21; means in the form of a non-return check
valve 23 located between chambers 18 and 19 and
seating towards the latter over a restriction ori-
fice 24 that would otherwise connect these two
chambers; means in the form of a relatively mi-
nute non-return check valve 25 located in the
upper half of cylinder (3 adjacent to and seat-
ing towards chamber 18 over a minute restric-
tion orifice 26 that would otherwise connect the
top of said chamber {8 with outside of cylinder
{3, and which opening intermittently operates
in conjunction with a minute restriction orifice
27 (in main piston 9) for purpose of ejecting air
and a small quantity of lubricating oil from
chamber (8 to open space within main piston
9; an annular L-shaped (leather and/or other
suitable oil resisting flexible packing material)
packing ring 28 (secured adjacent head end of
piston 14) adapted to make the auxiliary piston
{4 fluid tight within the smaller bore of cylin-
der 12; an annular shaped upper dash-pot 29
formed between the flanged collar (at head end
of piston 14) and flanged recess in upper in-
ward end of (upper half of) cylinder (3 and
adapted to have oil fluid trapped therein and
thus to cushion the auxiliary cylinder 13 as it
approaches the downward end of its travel over
piston 14 as said trapped oil seeps therefrom
said dash-pot; a similar annular shaped lower
dash-pot 30 located inside of lower end of cylin-
der {3 (under piston {4) and having intermit-
tent access with inside of rod i1 through port
31 in latter and being adapted to have oil trapped
therein and thus to cushion auxiliary cylinder
13 (as latter approaches the extreme upper end
of its travel over piston t4) as said trapped oil
seeps therefrom said dash-pot 30; means in the
form of a series of diagonally extending ports
32 located in piston (4 at extreme upper end
of chamber {9 for purpose of venting air from
latter to vicinity of lower end of orifice 24; and,
access means for supplying lubricating oil fluid
under pressure from the usual engine lubricating
oil system to said device (0 via a non-return
check valve.

With reference to Figs. 1 and 7, oil under pres-
sure from the usual forced feed lubricating oil
system of the engine is supplied to the elongated
access hole 23 (extending through the rods (i
and {1b) from the usual diagonally extending
hole 34 (in shaft 7) via the annular shaped groove
35 (in journal 12) thence via the radially extend-
ing hole 36 (in the insert bearings 37 of the rods
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{1 and 11b) and thence via the non-return check
valve 38 (in the feet of the rods) info said
access hole 33. This valve 38 is for the purpose
of preventing the oil in the connecting rods and
the auxiliary cylinders from returning to the
main lubricating oil system while engine is not in
operation and thus preventing {0 and {{ from
becoming full of air at such times.

As illustrated in Figs. 1 to 3 inclusive, the
auxiliary cylinder 13 may be made in two semi-
circular (ball shaped) halves and in such case
the main piston 9 is equipped with a removable
(annular and semi-circular shaped) externally
threaded retainer ring 39 for the purpose of se-
curing said halves of said cylinder {3 oscillat-
ably in place on its ball-journal 40 within the
ball shaped bearing 41 within main piston 9.
This arrangement has the disadvantage of not
allowing the connecting rod (I any lateral motion
in piston 9 but has the advantage of eliminating
the use of the splined alignment keyway 15 and
key 16.

As illustrated in Figs 4 to 6 inclusive, the aux-
iliary cylinder |13a¢ may be made in two halves
with the split at the centerline of the trunnion
journals 17 thereof and in such case the main pis-
ton 9a is made in two halves held securely to-
gether by a series of machine screws 42. In such
an arrangement (in addition to the bearing bore
43 in piston 9¢ for trunnion journals 17) a semi-
circular shaped journal 44 is provided (at upper
end of cylinder {3a) having a semi-circular
shaped bearing 45 (in upper half of main piston),
and an adjustment shim 46 is also provided (be-

5 tween the halves of piston 9a) for wear take up on

such journals and bearings.

Similarly as illustrated in Figs. 7 to 9 inclusive,
the auxiliary cylinder 13b may be made in two
halves with the joint therebetween located above
the trunnion journals 17 and in the vicinity of
journal 44 in order to simplify the unit 10b as a
whole. Fig. 7 also shows the arrangement of the
auxiliary piston 14b with the packing ring 28
omitted and with the combined control and relief

5 valve 21b annular in shape in lieu of conical in

shape as illustrated in Pigs. 1 to 6 inclusive. As
illustrated in these Figs. 7 to 9 inclusive, a remov-
able tubular and T-shaped bushing 49 is used
as a shoulder for spring of valve 21b so that out-
side diameter of rod (1b could be kept at a mini-
mum considering strength required. )

In Figs. 4-6, those parts which are not identical
but are similar to corresponding parts of Figs.
1-3 are given the same reference numerals with
the suffix “a” added. Likewise, in Figs. 7-9, the
suffix “b” is used.

In Figs. 1 to 3 inclusive the auxiliary piston {4
is screwed tightly over the threaded portion of
the upper end of rod {1 and is shouldered against
the annular shaped spring steel locking ring 41,
while in Figs. 4 to 6 inclusive it is shouldered
against the upper ends of splined key {6, and in
Figs. 7 to 9 inclusive it is shouldered against the
spring steel lock washer 48.

In manufacturing, the auxiliary cylinder (3
and auxiliary piston {4 should both be prefer-
ably made of heat treated and hardened steel
and the tandem outside diameters of (4 and cor-
responding inside diameters of (3 should be
ground to minimum allowed slidable clearance
tolerance so that the packing ring 28 should
not have to be required.

As may not be understood (in the case illus-
trated), the relations that exist between the top

5 projected area of auxiliary piston 14 and main
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piston 9iis in the ratio:of four-toone. "Thus dir-
“Ing ifhe mverage of :220 ‘degreesof crank-shaft ro-
tation:ofthe fuel:inlet period «(of the engine four
stroke eycle :operation) ‘the wacuum produced in
combustion hamniber 8 :(due to -displacemsnt of
nrain piston 9 within main :cylinder 1) simulta-
neously produces a relatively higher (by ratio of
four o ome) wvacuum sin fHuid chamber 18 wnd
Tesults in :0il ‘being induced from access hole 33

@nd/or chamber 49 iinto chamuer #8 via orifice .

24 and past check 'valve 23 during this inlet pe-
riod. “Thus it can ‘be understood (in ‘case illus-
trated) that each rcubical dnch of ofl fuid sup-
plied to and/or removed from the chamber 48
results respectively:in a ‘decrease and/or intrease
in the cubical size of ‘combustion ehamber 8 of
fourrcubical inches. "Thus alse #t'can be seen that
only a relatively ssmall quantity of lubricating oil
fluid -is handled to and from chamber 8 to pro-
duee o mrajor change in #he cubicyl size of cham-
ber-8.

As 'may not be understood, (in the case illus-
trated) ‘the projected area of the tubular end
of auxiliary piston 14 (minus the projected area
of the connectmg rod Il entering thereinto cham-
ber 19) is a trifle Targer than the projected area
of the head end of said piston. Thus- during the
full upward and/or downward mevement of the
auxiliary -eylinder 13 over :auxiliary piston {4
only a small quantity of oil would be required
from ‘the main lubricating oil system, and then
only ‘during the dowhwaird travel of auxiliary
cylinder 13,

As may also hot be understood (in the case
iltustrated) " the full displacement of main pis-
ton 9 in main cylinder 1 is 42 cubical inches, the
full size of the combustion chamber is 7 cubical
inches and the resulting Tall compression rafio
Is seven. Now (as the Telations between the pre-
Jected areas of upper snds of main piston 9 and
auxiliary piston 4 is one to four) the setting of
the combined operating and relief valve 21 is a
trifie over four times the peak combustion pressure
in combustion chamber 8 resulting from a com-
pression ratic of seven being used therein. Thus
it can be seen that the auxiliary cylinder 3 would
never strike the top of auxiliary piston 14 inas-
much as when this would happen the compressicn
ratio in combustion chamber 8 would be below
seven due to extra travel allowed cylinder 13 over
piston 14. Also (in this example case illustrated)
the combustion chamber 8 in Fig. 4 is at its maxi-
mum size (with the main piston 9¢ on top dead
center) of 7 cubical inches, while in Fig. 5 (with
piston %a likewise on top dead center) the com-
bustion chamber 8 is at its minimum size of o
cubic inch. Thus the difference is 6% ecubical
inches, and this figure divided by four (the ratio
between top projected areas of 14 and 9) gives
133 cubical inches, which latter is the quantity of
oil that would have to be displaced from (and/or
to) chamber i8 in order to produce this 61,
cubical inch change in size of combustion cham-
ber 8. It is understood that the annular shaped
chamber 80 resulting from stepping the men-
tioned diameters of the auxiliary unit is opened
to outside of the auxiliary cylinder at all times.

With reference to Figs. 1 to 3 inclusive, as the
minute orifice 27 (in this particular instance)
must be located concentric with piston 9, coop-
eration therebetween and the outlet from orifice
24 past check valve 25 occurs four times during
one complete engine operating cycle, and that
due to likelihood of air being induced there-
through into chamber (8 at the bottom of the
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inlet stroke, the valve 25 becomes mnecessdry.
‘While in the assemblies Figs. 4 to 9 inclusive, it
can ‘be ‘seen that by placing this orifice 27 &t lo~
cation illustrated in Fig. 7 that the ‘coopération
mentioned would ‘only occur during the iniddle
of the compression and -exhaust strokes ‘of 'said
cycle and that the check valve 25 (in:stich ‘case)
is ‘not an ‘essential feature in construction. As-
suming therefore that a minute -quantity -of ‘air
and/or oil is to be -ejected from chamber 48 to
space outside of 13 through 21 during the middle
portion of said compression and exhaust strokes
and that an extremely minute quantity of oil is
ejected from {8 through orifice 26 to journal 44
and bearing 45 during the complete engine op~-
erating cycle (minus the inlet period) and that
simultaneously during the inlet period oil is sup-
plied to chamber 18 via orifice 24 past cheek
valve 23. It can thus be seen that the orifices
26 and 27 should be minute in size as compared
with orifice 24 in order to build up the quantity
of oil in-chamber 18 and simultaneously keep the
quantity of oil required to operate unit 18 as low
as possible.

With reference to Fig. 7 in pa1t1cular and as-
suming that the aux1ha,ry cylinder 13b is near
the downward end of its travel over auxiliafy
piston 14b (as #lustrated in such figure) ahd
that the engine is started in the usual manner,
then ke operation of the device would be as fol-
lows: as seon as the shaft T starts rotating and
oil pressure (of approximately 40 pounds gage)
is established on the lubricating oil system, oil
under pressure is supplied to unit 10b via access
connections prekusly described; if not already
full of il (due to nen-return check valve 38 re-
taining oil in unit 186), the chamber 19 fills with
oil first and then during each succeeding mlet

period oil is induced into chamber 18 (via ori-
fice 24 and past check valve 23) and simulta-
neously during the middle portion of each suc-
ceeding compression and exhaust stroke a rela-
tively small quantity of air and/or oil is ejected
from chamber 18 via orifices 26 and 27 and past

5 check valve 25 to outside of cylinder 13b; as soon

as combustion chamber 8 has been thus reduced
sufficiently to produce a compression ratio in ex-
cess of seven within said chamber 8, then (due
to peak combustion pressure resulting therefrom
such compression ratio in said chamber 8) the
fluid control and relief valve 2ib would be lifted
from its seat (due to resulting pressure produced
in chamber 18) and oil fluid would be discharged
therefrom chamber {8 past said valve 21b into
chamber 19; this automatic discharge of oil men-
tioned would cause the auxiliary cylinder 136 to
move slightly downward and would prevent the
compression ratio in combustion chamber 8
from exceeding slightly in excess of seven; the
object being to be able to increase the size of
the combustion chamber 8 instantly and to de-
crease its size slowly so as to allow for rapid
engine acceleration without danger of excessive
compression ratios, and, thus by automatic
movement of the auxiliary cylinder upward and
downward over auxiliary piston {4b by hydraulic
force results in a constant compression ratio of
seven (in case illustrated and described) being
established and maintained during practically
the entire power range of the engine. .

The invention herein described may be manu-
factured, used and sold by or for the Government
of the United States of America for governmental

.purposes without the payment of any royalty

thereon or therefor.
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I claim:

1. In combination with a cylinder of an in-
ternal combustion engine, an engine piston form-
ing with said cylinder a compression chamber,
said piston carrying means providing an internal
auxiliary working chamber comprising a plural-
ity of aligned cylindrical bores of different di-
ameter, with that having the smallest diameter
adjacent the head end of the piston, a connect-
ing rod terminating in a stepped auxiliary piston
within and complemental to the bores of said
auxiliary chamber for movement therein, said
rod having a longitudinal passageway opening
through the head of said auxiliary piston by way
of a restricted orifice for communication with
the space between said auxiliary piston head and
said internal working chamber, and a second
passage through said head and having a check
valve permitting flow of fluid through said head
in the other direction to the interior of said
auxiliary piston, the effective area of the aux-
iliary piston at its largest diameter, to which said
rod is connected, being larger than the effective
areg at its smallest diameter.

2. In combination with a cylinder of an in-
ternal combustion engine, an engine piston form-
ing therewith a compression chamber, a separate
auxiliary cylinder pivotally but non-slidably
mounted in said piston, a connecting rod ter-
minating in an auxiliary piston within said aux-
jliary cylinder, said rod having an internal pas-
sageway for conveying fluid to said auxiliary
cylinder by way of said auxiliary piston, said
auxiliary cylinder and said engine piston having

. complemental ball-shaped surfaces, said auxili-
ary cylinder having a relief valve opening out-
wardly through its ball-shaped surfaces, said
engine piston having a cavity and a port opening
from its ball-shaped surface into said cavity,
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said port located to register with said relief valve
only in certain normal positions of said auxiliary
cylinder with respect to said engine piston.

3. In combination with a cylinder of an in-
ternal combustion engine having force feed lu-
brication, an engine piston forming with said
cylinder a compression chamber, said piston
carrying means providing an auxiliary cylinder
bore therewithin, a connecting rod terminating
in an auxiliary piston within said bore, a sleeve
around said rod and closing the lower end of
said bore, said rod having an internal passageway
extending from its crank shaft journal into a
central space within said auxiliary piston, an
opening from said space through the head of said
auxiliary piston, a hollow valve controlling said
opening and urged upwardly to seated position
by a relatively heavy spring, an upwardly open-
ing check valve disposed within said hollow valve,
and a second spring relatively weaker than said
first mentioned spring urging said upwardly
opening check valve downwardly against its seat.

FRANK DAVID BUTLER.
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