prrrel
v

April 28, 1959 R. A. HEISING 2,883,974
INTERNAL COMBUSTION ENGINES
Filed Dec. 2, 19585 5 Skeets-Shest 1

70 170 .
IN FIG. 6\%

7o~

A

160

curouT

"
h 6//%

INVENTOR.

TO 152 IN ¥ s W%M

F16S. 12851



April 28, 1959 R. A. HEISING 2,883,974
INTERNAL COMBUSTION ENGINES

Filed Deo. 2, 19585 5 Sheets—-Sheet 2
ol FiG. 2
Wi R - & *
\/‘9 | 7l A
= wl
w0 Y
5 !
P o
(o)
2 dT b s :
2 —— ;
PR 65 (2 /p5,67,80
L 20\ /4 5 47
| A
| 19 | !
70 170 | v
INFIG.6 | ! 8/ P
; X /34 %
-]
¥ 80 T
i P IN FIG.5
o azl* - 120
9 , -89 25
7 72
74
76 = 2 ol
79 Ny ' 73
78 /" i %
7 ]l :
83 A | Y
A %
ANl 2 W
N ; 6/1‘
Wit 14— -84
N
VAFROM ENGINE .
- O/L PAN |
\_
; . . ; —_—V
i ]
v '
cuTouT l
160
I o
61— =
T

INVENTOR.

e



April 28, 1959 R. A. HEISING 2,883,974
INTERNAL COMBUSTION ENGINES
Filed Dec. 2, 1955 5 Sheets-Sheet 3

FIG. 3

141
/

l

"’\?:\'X’\'}f”////" .
V2777 //// i

/49—

,@ curourT

41
0o =
-
6 T
65 ANIS W
13 /9
133 ’ 6 )
| 15 . NN
S A ’\ 17 70 /51
§— : % 9’5/5 INFIG. 5
. Il//\ i \ —
T 4 U
i ‘/ix %ﬁ// /52E
. Z i 25
87 ‘ E 23
f ?‘ X
Y
INVENTOR.

Faspnt 4 My



April 28, 1959 R. A. HEISING 2,883,974
INTERNAL COMBUSTION ENGINES
Filed Dec. 2, 1955 5 Shests-Sheet 4

FiG. 4

o T}'”

e

EXPLOSION  EXHAUSTION ADMISSION COMPRESSION

180

FIG. 6 /65 W
172 173 168
57
163
B— A\ NN
/62 ; 174 N /66
16/ g“———vu
o IILIIILY. I N
1607 \ V2 INVENTOR.
1701, /59 :
7O 171 IN w 1
FIGS. 182 =

et 7 By



April 28, 1959

Filed Dec. 2, 1955

R. A. HEISING

2,883,974

INTERNAL COMBUSTION ENGINES

FiG. 7

N
)

Lo

187

199

@

190+
197

A

rIIY

19/—2 /92

Ng-

A N Y

\i&\\

2

t
{
NN NN \\/‘:'l\\\\N NN

W\

5 Sheets—Sheet 5

el

N

7.

3

13
98 4/

S
N
2

/9

:—Q/
Uy
3
.
o

't

AN

B NN

| <

SUEOD
({///I

vz

Q

N IILEIHL,

i
/

18—

&1

L Ll

./

Ui A IU
201 INVENTOR.



United States Patent Offs

2,883,974
Patented Apr. 28, 1959

1CC

2,883,974
INTERNAL COMBUSTION ENGINES
Raymond A. Heising, Sumunit, N.J.
Application December 2, 1955, Serial No. 550,641
26 Claims. (Cl. 123—48)

This "application is a continuation-in-part of my ap-
plication Serial Mo, 208,037 filed January 26, 1951, which
is now abandoned.

This invention relates to internal combustion engines.

The object of the invention is to improve the effi-
ciency of internal combustion engines of the type in
which the speed or power or both are varied, such as
automobile engines.

An object of the invention is to increase the efficiency
by varving the compression ratio of the engine while
it is in operation.

A further object is to vary the compression ratio ap-
proximately inversely as the amount of explosive mix-
ture drawn into the cylinder or cylinders.

Another object is to vary the compression ratio with
«peed, muking it higher at higher speeds. )

.4 wtill further object is to return the compression ra-
tio quickly to a lower value upon the opening of the
throttle. and to effect the return in a manner that will
aveid exeessive pressures within the cylinder.

Sull further cbjects are to return the compression ratio
to « minimum upon the engine stopping, to provide
thoroughty scaled movable walls for the compression
chumber, to provide means whereby the pressure in the
compression chamber assists in the sealing, to provide
improvements in the method of supporting the movable
voalls to stand the high internal pressure of explosion,
to provide improved ways to manipulate the movable
walls ¢f the compression chamber, to provide new and
improved ways to adjust the compression chamber to
the optimum size, and other objects that will be de-
soribed,

I have observed that the efficiency of an internal com-
bustion engine of the automobile type can be improved
markedly at powers below full power if the compression
rutio is increased so that the temperature and pressure
of the compressed mixture is raised as near to a suitable
moximum at all partial powers as it is at full power.

It has long been known that an automobile requires
cnly u small fraction of the power capacity of the engine
tn d.ive it on an average road at average speeds, and |
Iruve observed that the vacuum in the intake manifold
¢t such times is such that the gas pressure therein is be-
tween onz-half and one-third atmospheric pressure. At
cich smuall pressures, a full cylinder charge approxi-
mates only one-half to cne-third a cylinder charge at
full power for a given speed, and such small charges are
suscentible to a much greater relative compression than
are full charges without causing self ignition. To bring
about the higher compression at lower power requires
that the engine be so constructed that the compression
ratio can be changed while the engine is in operation,
that it be changed quickly when more power is required,
and that it be done with a minimum of attention. Va-
rious individuals have devised variable compression en-
cines in the past, but I find them unsuited for these pur-
poscs for various reasons. The method of varying the
compression chamber usually involved a movable piston,
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and suitable sealing to prevent the escape of gases of
compression and combustion was absent. The system
for handling the tremendous recactive force of explosion
amounting to several tons was inadequate. The com-
pression chamber size could not be changed rapidly
upon a demand for more power. Means to determine
the variations in compression to apply at different times
or under ditferent conditions have been absent. I have
invented an engine in which these problems are ade-
quately taken care of which is nmew and novel and in
which a marked increase in efficiency is obtained over
present day engines burning commercial gasoline.

For a clearer understanding of the nature of this in- .
vention and the additional advantages, features, and ob-
jects thercof, reference is made to the following descrip-
tion taken in connection with the accompanying draw-
ings, in which like reference characters represent like
or similar parts and in which:

Fig. 1 shows a form of the invention;

Fig. 2 shows a preferred form of the invention;

Fig. 3 shows another form of the invention;

Fig. 4 is a diagram to explain certain operative fea-
turcs of the various fo:ms of the invention;

Fig. 5 shows an attachment for the forms in Figs. 1,
2 and 3 to improve idling;

Fig. 6 is an attachment for Figs. 1 and 2 for reducing
the ccmpressicn ratio slowly with a slow rise in intake
manifold pressure; and

Figs. 7 and 8 show another form of the invention.

In Fig. 1, a cylinder of an internal combustion engine
is represented at 1. In it slides the customary piston 2
connected by a connecting rod 3 to the crank 4 of the
engine and the shuaft 5. The cylinder is provided with
a movable cylinder head 7 that slides inside cylinder §
which takes the place of the usual cylinder head on in-
ternal combustion engines. The cylinder 1 is provided
with the usual intake and cxhaust valves. The intake
valve, when it opens. connects cylinder -1 with intake
manifold 9, which herein is called the manifold whether
the engine is a single or multiple cylinder engine. Mani-
fold 9 connects with carburetor 10 containing the usual
throttle valve attached to shaft 11 operated by the move-
ment of throttle red 12 also called throttle member.
Cylinder 8 is closed at its upper end by a plate i3 to
which is fastened a U-shaped yoke 14 supporting spring
13 which in turn bears against the head 16 of rod 17
that is fastened to the movable wall element 7. Spring
15 is under compression at all times exerting a force
tending to enlarge the compression chamber 18 between
wall 7 and piston 2 when the latter is at its uppermost
position. Movable wall element 7 is of a shape similar
to engine pistons and it may contain rings or other seal-
ing mcans to prevent ingress or egress of liquids or gases
to or from the compression chamber 18. Between wall
clement 7 and plate ¥3 is an enclosed space 19 adapted
to be filled with a liquid and sealed against egress of any
of the liquid during operation of the engine at constant
speed and power. By forcing a liquid into enclosed space
19, wall 7 may be moved against the compression of
spring 15 and rcduce the size of compression chamber
18. An egress valve 20 is provided that may be of the
“rocking” or slightly rotating type which connects with
the enclesed space 19 behind movable wall 7. When
this valve is opened. spring 15 together with any gas
pressures in the compression chamber 18 and cylinder 1
will force the lignid out, and into return lines 21 and 22.

In this invention, the movable wall 7 is positioned by
means of a liquid being supplied to the enclosed space
19 at a pressure in the supply lines determined and con-
trolled by the vacuum in intake manifold 9 in relation
to the stiffness of spring 18. A liquid pump 23 which
may be of the gear variety draws liquid from a storage
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chamber 24 and discharges it into pipe 28, I{ the liguid
is oil such as lubricating oil, the storage chamber may
be the oil chamber or oil pan holding lubricating oil for
the engine. Pump 23 is driven by the engine and will
supply liquid at a rate substantially preportional to the
speed of the engine. The pressure of the liquid in pipe
28 is regulated by regulator 26, which regulator is con-
trolled by the vacuum in manifold 9 by virtue of pipe
27 cornnecting the regulator 26 to manifold 8. Pipe 27
connects to vacuum register 28 closed by flexible mem-
ber 29 which in turn is fastened to rod 38. Rod 36
is fastened to and moves yoke 31 against the force of
compression of spring 32. Yoke 31 moves holiow
cylinder 33 inside cylinder 34 which is part of the frame
of pressure regulator 26. Inside cylinder 33 is pision
35 resting against spring 36 which bears in turn against
the end 37. Supply pipe 23 is connected to cylinder 34
so as to allow the liquid from pump 23 io exert pres-
sure against piston 35. As the liquid pressure in pipe
25 and cylinder 34 rises, piston 35 is moved against the
compression of spring 36 until the piston uncovers holes
38 in the walls of cylinder 33 which then permit the
liquid to escape into passageway 32 from which the
liguid is conducted by pipe 22 back to reservoir 24.
When the vacuum in manifold 9 increases, spring 32 is
compressed further, cylinder 33 with holes 38 is moved
to the left, and the liquid pressure in pipe 23 rises until
piston 35 again uncovers holes 38 because pump 23
supplies liquid at a rate propostional to speed with no
regulation of the pressure. Thus, the pressure of the
liquid in pipe 25 varies in a predetermined manner with
the vacuum in the intake manifold.

A pipe 40 connected to pipe 25 conducts the liguid
under pressure to check valve 41, thence to opening 42
t¢ the enclosed space 19 behind the movable wall. It is
to be undersiood that the synchronous rotating valve 130
of Fig. 3 may be used instead of check valve 41, if
desired.

The operation of the invention so far as described is
as follows: Pump 23 driven by the enging delivers liquid
to pipe 25. The pressure rises in pipe 25 until an escape
route is provided. The =2ngine while operating with light
load produces a partial vacuum in the intzke manifold
which acting on diaphragm 29 pulls slceve 33 to the
left, hiding openings 38 behind piston 35. As the pres-
sure in pipe 23 rises piston 35 moves to the left and un-
covers part of the holes 38. The pressure in pipe 25
will therefore be maintained in a predetermined rela-
tion to the vacuum in the intake manifold 2. The liquid
in pipe 25 will pass through pipe 40 and check valve 41
at moments when there i3 no explosion pressure or high
compression pressure in the compression chamber. The
liquid will force movable wall 7 downward against the
compression of spring 15, and the wall 7 will reach a
stable pesition when the averaze force in the compres-
sion chamber during exhaust, admission, and part of the
compression stroke with the force from spring 15 balances
the pressure exerted in closed chamber 19 by the liquid.
This position will, by design of spring 15 and pressure
rezulator 26 be in a predetermined relation to the mani-
fold gas pressure to secure substantially the same maxi-
mim compression pressure at partial loads as at full
engine load.

Figz. 4 indicates the pressure history during two com-
plete revolutions of an engine shaft. 43 represents the
pressure in the oylinder during a full iead cxplosion
streke of the engine. At the end of the stroke, the
exhaint valve opens and the prosaure curve 44 shows
very fow pressure during exbaust stroke. At the end of
the exhaust strohe, the exhanst valve closes, and the
intake valve opens. During the adniission stroke, enough
of a vacuum forms in the cylinder to draw in some of
the mixture, giving vacuum curve 45, and then during
the compression stroke with both valves closed, the pres-
sure rises as shown by curve 46. 1f the throttle valve
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in carburetor 10 should be closed partially during the
admission stroke, a curve such as 47 with considerable
vacuum shows the pressure within the compression cham-
ber. If the movable wall 7 has not been moved the
compression pressure will follow dotted curve 48 to a
relatively low value. If however, the pressure of liquid
in pipe 25 has increased due to the increased manifold
vacuum mentioned, liquid will have been forced through
check valve 41 during exhaustion and admission strokes
and have moved wall 7 downward against the compres-
sion of spring 15 so as to reduce the compression cham-
ber size, and the pressure during compression will then
follow curve 49 and it may reach the same peak value
as results with full power cylinder charges. During the
explosion stroke following, curve 56 shows the fall in
pressure giving increased efficiency over what would
have resulted without reducing compression chamber
size.

If now the throtile should be opened to secure more
power, the intake manifold vacuum will fall, larger
amounts of explosive mixture will be drawn into the
cylinder, and excessive compression pressures will result
unless the compression charaber is enlarged in antici-
pation of the fall in manifold vacuum. Applicant’s in-
vention accomplishes this desirable result. The throttle
valve in carburetor 1% is actuated by throttle rod 12.
Fastened to the throttle rod 12 is frame 51, carrying lug
52 and adjusting screw 53. Separately supported, and
movably suspended on shaft 54, is element 55 carrying
at one end sheet conductor 56, preferably of copper or
brass, and two springs 57, one of which is insulated.
The spring 87 are adapted to make contact at the upper
end by means of slight pressure. A magnet 58 is posi-
tioned close to element $6 such that the magnetic field
is perpendicular {o 56 and passes through it. Adjusting
screw 53 is adjusted so that springs 57 almost, but do
not touch each other. Element 58, 56 should preferably
have the center of gravity close to shaft 54 but below it.
One of springs 57 is grounded. The other is connected
to solenoid 59 by lead 148, and solenoid 5% in turn is
connected to generator 60 or battery 61. or both, by
lead 349. Upon movement of throttle rod to the right
to open the throttle, the damping effect of magnet 58 on
element 56 holds 55, 86 still until springs 57 touch each
other and exert pressure to rotate 535 on shaft 54. When
springs 87 touch each other, solenoid 89 is energized and
its armature through linkage 62, 63 pulls on crank 64
which rotates the rocking part 68 of valve 20, thereby
placing the passageway through 65 inside valve 20 in
line with the egress passageway for liquid from chamber
19. Pressure from spring 15, and any explosion or com-
pression pressures in cylinder 1, will expel liquid and
move the movable wall 7 upward. The mechanism for
enlarging the compression chamber is thus put in op-
erative condition before the throttle valve has moved
appreciably and before the gas pressure in the intake
manifold can rise. At the same time, the opening of
egress valve 2§ disables the means for reducing the com-
pression chamber size because liquid leaves oncloscd
space 19 through valve 20 faster than it can enter through
check valve 41.

When throttle rod 12 ceases to move in the direction
that opens the throttle valve, the springs 87 in contact
with lug 82 will exert enough pressure to rotate clemoent
33, 56 fur cnough to touch stop 83, and the contact be
tv.een springs 57 will be broken.  Energization of sole
noid 59 will cease, and spring 78 will push the anmatin:
of solenoid 89 and lever 62 buck against stop 68, inoving
tind 63 and closing egress valve 200 Ihis action ¢
moves the disability from the meuns for increwsing the
compression rutio described above and suid means can
then increase the compression ratio under control of the
vacuum in the intake manifold that develops after the
opening of the throutle, and cause the compression ratio
to reach the corresponding predetermined value. Con-
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tacts 57 will energize solenoid 59 and open egress valve
20 only while throttle rod is in motion in such a direc-
tion as to open the throttle. This will be for a period
of time of an engine cycle or more so that the pressures
within the cylinder 1 during explosion may move the
movable wall quickly, and move it further than it is ex-
pected to stand for operation with the manifold vacuum
resulting from the throttle movement.

If throttle rod 32 is moved in such a direction as to
close the throttle, element 55, 56 is pushed by screw
stop 533 and springs 57 do not touch each other.

When the engine is stopped provision is made to en-
large the compression chamber to a maximum to make
starting the engine easy. For this purpose sclenoid 66
is connected between generator and ground and its arma-
ture 67 is attached to the upper end of lever 67. With
the engine stopped, neither solenoid is energized. Spring
706 pushes Juver 62 against stop €8, and spring 71 pushes
armature 67 and lever 62 outward so that using stop 68
as a fulcrum, valve 29 is opened slightly, and spring 15
can cxpel liquid in enclosed chamber 19 and enlarge
the compression chamber to a maximum. When the en-
gine is slarted, the generator builds up its voltage at a
certuin specd and solenoid 66 operates compressing spring
7% and again using stop 68 as a fulerum, it rotates crank
63, closing valve 28, and the compression control means
beging to operate. When solenoid 59 is operated by
movement of throttle rod 12, it operates lever 62 with
armature 67 as a fulcrum and pulls on crank 64 opening
valve 28.

The description of the operation of egress valve 20,
and solenoids 59 and 66 is applicable to Figs. 2 and 3,
except for the location of the springs 57 making contact
for energizing solencid 59. The description of the opera-
ticn of sgress valve 20 and solenoid 59 is aiso applicable
to Fig. 7. ‘

In thz liguid supply line to pressure regulator 26 may
be inserted a valve 69. By regulating the passageway
through this valve, the compression ratio of the engine
can be increased with increasing speed. That is, if the
encine is running at a speed corresponding to 50 miles
an hour for the car. and with a given intake manifold
vacuum, the cempression ratio can be increased above
that which is determined by the intake manifold vacuum.
The pressure required to push a liquid through a given
cpening gees up much faster than the amount of liguid
to pass. It may increase as the square of the amount, or
even faster. Thus by regulating an orifice at valve §9
for the liquid from pump 23 to pass through, notice-
able pressure to get the liquid therethrough will develop
at a car speed of, say 50 miles an hour, that is, it will
bs found that the pressure in pipe 25 below valve €9
will be higher than above it. Since the pressure will be
reaulated above valve 6%, there will result increased
compression ratio with increase in engine speed in the
 speed range where the pressure differential across valve
69 is appreciahle.

The same result can be secured by suitably restricting
the size of cpenings 38 in regulator 26. However, the
adjustshle feature is lost, and there is no control of the
¢ffeet which will change with change in viscosity of the
hguid.

it is to be understood that in a multicylinder engine a
single pump 23 driven by the engine, supply pipe 25,
reeulutor 26, and vacuum register 28 suffice for all the
cylinders, but thzt an individual check valve 41 and pipe
46 connact to cach cvlinder, Similarly, a single solenoid
59 and actuating apparatus function for all cylinders in
line. if net for all in an engine, and serve to operate a
single shaft 63 forming the movable part of the several
valves 20 individual to each of the cylinders in a line.

The system for varying the size of the compression
chamber 18 in an engine disclosed herein is a great im-
provement over any previous system using a movable
piston in that the piston 7 is thoroughly sealed against the
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escape of gases from compression chamber 18. The oil
in closed space 19 above piston 7 is under pressure from
the gases of compression or explosion and therefore no
difference in pressure occurs between compression cham-
ber 18 and pressure space 19 except that produced by
spring 15. Without a difference in pressure, the gases
will not pass piston 7. The oil or other non-compressible
liquid that can be used in pressure space 19 also per-
mits of transfer of the reactive pressure of explosion di-
rectly to the cylinder block without the intervention of
any levers, rods, or other moving parts. In addition,
the oil provides a simple means for moving piston 7.

In this type of design, there are parts of the engine
cycle when the oil pressure above piston 7 is greater than
the pressure below. To minimize leakage of oil past
piston 7, it is desirable that piston rings be used on
piston 7 and that the inside of cylinder 8 within which
piston 7 slides be polished. Plastic rings may be used
as piston 7 will not get much hotter than the walls of
cylinder 8 within which it slides when it is constructed
with thick walls that permit of readily carrying away
the heat. At the temperatures that the walls and the oil
attain, . there are plastics available that will stand the
temperature and the oil without damage.

It is to be understood that the use of the words “oil”
and “liquid” mean any suitable liquid having the proper-
ties necessary or described, and may mean the regular
lubricating oil for the engine, special lubricating oil,
glycerine, shock absorber liquid, or other oil-like liquid.

Fig. 2 shows the preferred form of the invention. Pis-
ton 2 slides in a sleeve cylinder 1A which is movable
along its axis in a cylindrical bed in engine block cylin-
der 6. The sleeve cylinder 1A is closed at the end re-
mote from the crankshaft by a cylinder head 72 which
forms the movable wall of the compression chamber 73.
The intake and exhaust valves 74 and 75 may be located
in the engine block in a customary manmer, either side
by side, or opposite each other. They are shown in the
latter position in Fig. 2. The space between the valves
74 and 75 is marked 76 and serves as the room into
which each valve in turn moves upon opening. The
space 76 also becomes part of the compression cham-
ber, and is made a minimum in size. The spark plug
77 is preferably iccated in one wall of space 76 con-
ticuous to the valves 74 and 75 as shown. The entire
compression chamber consists of the space 76 and the
space 73 between the engine piston 2 at its uppermost
position and the cylinder head 7%, plus the opening 78
in the wall of the sleeve cylinder 1A which provides com-

runication between spaces 73 and 76. The opening 78
needs to be higher than the height of space 76 at its
maximum so as to provide good communication for the
flow of gases when the compression chamber 76 plus 73
plus 78 is a maximum and full charges are drawn into
cylinder 1A, and it must provide reasonably good com-
munication for the flow of gases when the compression
chamber 73 is 2 minimum and only partial charges are
drawn into cylinder 1A. This is facilitated by beveling
off the edge of cylinder head 72 at point 79 and the
bevel is continued through the sleeve.

The cylinder head 72 is provided with rings 80 to
minimize the escape of oil from the pressure space 19
above. There need be only enough to suitably seal
the pressure space 19 and to allow enough oil fo scep
past to provide the mnecessary oil to lubricate the sur-
face between sleeve 1A and its bed in engine block 6.
To prevent the oil seeping into the communicating open-~
ing 78, a groove may be cut in the outer side of the
sleeve 1A around the opening 78, or around the inner
side of the cylinder bed 6 at the same point so as to
carry away from opening 78 whatever oil seeps down in
that region. Such a groove appears in Fig. 2 at 81, 82,
83. ¥ desired, a groove may start at 8%, and run
around the inside of the cylinder bed 6 to 82, then to
83, and it may continue spiraling down further such as
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to 84 to spread the oil more uniformly arournd the oui-
side of cylinder 1A.

The size of the compression chamber 76 plus 73 plus
78 is varied by injecting oil into the pressure space 1%
between the cylinder head 72 and plate 13 bolted lo
the cylinder block, or letting it escape, through valve
29. The oil should preferably always be under pres-
sure. Cylinder head 72 is fastened to pia 35 in any
suitable manner, and pin 85 extends through plate 13
and has on its upper end a head, or preferably a large
diameter nut 86 and a castellated put 87, threaded in
the usual manncer. The pair can be adjusted as neces-
sary and then locked and pinned. At the point pin 85
passes through plate 13, a stuffing box may be used
to seal the pressure space 19 against oil leakage. A
satisfactory seal however is produced by using a cylin-
drical sleeve 88 having 2 hole through it that allows
pin 85 to fit reasonably snugly, vet slide easily. Some
oil leakage will occur, but it will not be enough to in-
terfere with efficient operation of the device. The
cylindrical sleeve 88 can be fosiened to plate 13 by
threading into a hole or be constructed integral with
13. Spring 13 placed around sleeve 88 and between
nut 86 and plate 13 serves to pull cylinder head 72 and
cylinder 1A upward when oil is released from pres-
sure space 19. It also serves to determine the position
cylinder head 72 takes with respect to the engine piston
% according to the oil pressure in space 19 due to oil
coming in through valve 41 from supply line 40. Cylin-
der IA may be kept from rotating by any suitable means
such as pin 89 extending down from plate 13 into a hole
in head 72.

Meotor driven valve 130 of Fig. 3 may be used to ad-
mit oil to pressure space 19 if desired, but a simpler
valve is shown. ©Check valve 41 is provided instzad as
it will automatically Jet oil enter the pressure space 1%
when the oil pressure in pipe 48 is higher than the pres-
sure in pressure space 19, and it will prevent oil from
moving in the reverse direction during compression and
explosion periods.

It is to be roted that spring 15 and pin 88 perform
the same functions here as do spring 15 and pin 17 i
Fig. 1, where they are under plate 13 and inside the
pressure chamber 19, Either design may be used either
place.

In Fig. 2, it is shown how oil under controlled pres-
sure can be cbiained from the regular engine oiling sys-
tem supplied by oil pump 99 driven by the engine.
Since the cngine oiling pump 9§ is designed to provide
oil at a reasonably constant pressure, a pressure redac-
ng coniol valve §1 under control of the manifold 9
mas pressure is provided. Pipe 27 connects intake mani-
fold 9 with the suction chamber 92 whereupor rod 23
‘aay ks moved by virtue of its conmection to fiexible
cdiaphragm 94 which forms one side of chamber 2.
Rod 93 moves piston 95 downward under the influcnce
of a vacuum so that the jower part of piston 95 bzlow
the groove 9§ cut therein miay uncover holes 27 in the
cylinder 9% and ailow oil in the surrounding space to
enter groove 96 and pass through holes 92 in the piston
that lead from eroove 96 to the face of piston 95. The
fower end of pivion 98 iy shown partly cut away to make
the path of cone of the holes visible, The oil from the
ciigine oiling system enters at 100 and passes through
holes 97, through groove 96, and the holes 9% to the
face of the piston where it may now accumulate under
pressure in cylinder 191 and pass into supply pipe 40
for distribution te all the enclosed spaces 19 in all cylin-
ders of the engine. When the gas pressure in chamber
92 is atmospheric, the position of piston 95 is such as
to partly uncover holes 27 by the part of piston 93 be-
jow the groove 96. The pressure in cylinder 101 wili
rise to that value which corresponds to minimuwm com-
pression ratio at which time the pressure on the face
of the piston 95 will compress spring 162 enough so
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piston 95 will cover the holes 97 and halt the pressure
rise. When 2 vacuum develops in intake manifoid 9,
the vacuum in space 92 causes diaphragm 94 to push
rod 93 downward and the lower part of piston 95 will
uncover holes %7 until the oil pressure in cylinder 161
rises to a pressure designed to correspond to the said
vacuum, at which time it will push piston 93 back far
enough to cover holes 97 again. The said oil pres-
sure will then send oil through pipe 40 and check valve
41 during exhaust and admission strokes and push cylin-
der head 72 and sleeve cylinder 1A down until the
pressure on cylinder head 72 from the oil is balanced
by the compression of spring 15,

In Fig. 2, a gasoline or other dashpot or equivalent
device may be provided instead of the magnetic damp-
ing 56—58 of Fig. 1 in connection with controlling
contacts 57 that operate release valve 28. The dash-
pot 183 is shown as built into carburetor 10, but can
be separate, and use other liquid as desired. ‘When the
ihrotile is opened to give more power, throttle open-
ing rod 12 is pushed in direction of the arrow, and rod
104 connected thereto slides through a holc in arm 105
and closes contacts 57 energizing solenoid 59 which
opens valve 30 as described before. Arm 105 is con-
nected to dashpot 183 in any suitable manner as are
springs 57. The dashpot 383 has a loose fitting piston
so its movement downward is permitted but resisted,
thereby keeping coniacts 57 closed during movement,
and a ball check valve at the bottom over a large open-
ing allows easy ingress of oil so the piston can rise with
little resistance. A collar 18§ is fastened to rod 194
to pull back on arm 183 when the throutle is closed, and
the adjustment of the collar 186 determines the sensi-
tiveness of the contacts to slight throttle movements.

At higher than average speeds, the compression ratio
may be increased still further for a given sized explosive
charge drawn into cylinder 1A. At still higher speeds,
there tends to be smaller charges drawn into cach cyl-
inder 1A during the admission stroke for a given gas
pressure in the intake manifold 9 than at low speeds.
Provision is therefore made to securs improved efficiency
under both these conditions by increasing the compres-
sion ratio faster than inversely os the manifold gas mix-
ture pressure at higher than average specds. 187 is an
attachment for the generator 60 for accomplishing this
improvemens utilizing a register or indicator of speed to
contro! the increased compression desired. 108 is a mag-
net fastened to the end of the shaft 109 of the generator
60 driven by the engine that supplies electric power for
lights and battery charging. It is rotated inside a metal
cup 111 fastened to one end of shaft 112. A spiral spring
113 is connected between the shaft 112 and metal frame
114 to exert an opposing force to the magnetic drag on
cup 171, On the end of shaft 112 is a dog 115 adapted
to strike spring 316 when the generator rotation is such
as to correspond to a car speed of, say, 50 miles an hour,
and the contact completes a circuit to ground through
resistance 117 terminal 118, solenoid 119, wire 120, bat-
tery 61 {or generator 68), to ground and 1o {ramc 114
and dog 115 which will energize solcpoid It% which in
turn will attract piston 95 of magnetic material und exert
a force aiding the suction foree in chamber 92 and result
in perraitting more il to pass through openings 97 into
pipe 181 and increuse the pressure in cviinder {81 thereby
increasing the compression ratio beyend the value de-
termined by the intake manifold vacuum. Mhen still
higher speeds result, dog 115 pusiwes spring 116 auainst
spring 121 which is located behind spring 116 and insu-
lated from it. Resistance 122 is then placed in parallel
with resistance 117 and more current wiil puss through
solenoid 119 and still further increase the compression
ratio.

In Fig. 3 is shown another modification of my inven-
tion. In cylinder 1 moves the engine power piston 2

(shown in Fig. 1) which drives the engine, and which
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in turn drives liquid pump 23. The compression cham-
ber 18 has a movable wall 7, the face of a piston that
slides in cylinder 8. Cylindor 8 is closed at the top by
plate 13 providing between it and movable wall piston 7
an enclosed space 19 adapted to be filled with liquid and

sealed against egress of any of the liquid during the -

explosion cycle while the engine is running at constant
speed and power. The movable wall 7 piston is supported
by rod 17 with head 16, spring 15 and yoke i4 as de-
scribed in connection with Fig. 1, Liguid from a reser-
voir 24, which can be the engine oil pan, is pumped
by pump 23 into pipe 25 at a rate substantially propor-
tional to the engine speed since pump 23 contains no
pressure regulator. The liquid may pass into connecting
pipe 34, which is a cylinder, of pressure regulator 123.

Pressure regulator 123 is simpler in design than regu-
lators 26 and 91 of Figs. 1 and 2, respectively. Pipe 27
connects intake manifold 9 with the vacuum chamber
124, which chamber has a flexible daiphragm 125 of
rubber or other suitable material as one side, and which
diaphragm is arranged to actuate piston 126 by means
of rod 127 which is attached to the diaphragm and to
the piston. Rod 127 slides through a close fitting hole
in the supporting frame 128. The fit need not be air
tight, but should be close fitting enough to not let in
air enough to upset the mixture under the highest vac-
uum conditions, Piston 126 slides in cylinder 34 which
is supporied from the frame of the regulator 123 and
has threads or other arrangement at the other end to

ermii of attachment to oil line 25. Escape openings 38
are provided in cylinder 34 so that when the oil pressure
on the face of piston 124 is sufficient to overcome the
vacuum suction ou diaphragm 125 and spring 129 re-
sistance, the oil can escape and return to the oil reservoir
through opening 39 connected to return pipe 22.  Spring
129 is designed to establish the oil pressure desired when
that engine is operated with the minimum vacuum in
intake manifold 9. The increased oil pressure with higher
vacuum is determined by the force exerted by the liquid
on piston 126 neccessary to balance the vacunm suction
on diaphragm 125 due to its connection with intake mani-
fold 9. Pressure regulator 123 will thus regulate the
liquid pressure in supply line 23 in accordance with the
vacuuni in the intake manifold.

Pipe 46 connected to pipe 25 conveys the liquid to a
rotating valve 139 having a rotating clement 131 carry-
inz a gear whee! 132 on an external extension, said gear
meshing with gear 133, shown dotted, fastened to and
turned by shaft 134 which in turn is driven by the engine.
Valve element 131 rctates at one quarter the engine main
crankshaft rate. Valve element 131 contains a passage-
way 133 positioned such as to line up with opening 136
to enclosed space 19 and cpening 137 to supply pipe 40
about the center of the admission stroke of the piston
in cyvlinder 1. [i3 size is such as to open before the
admission stroke begins, and close after the compression
stroke starts, Rotating valve 130 thus serves to admit
liquid to the enclosed space behind movable wall 7 when
the compression raiio is to be increased, and to allow
liguid to return to pipe 40 if the intake manifold vacuum
falls and the egress valve 20 is not operated. Alterna-
tively, the passageway 135 may be made with such a
size and positicn as to begin to open just after the exhaust
valve opens, and close just after the compression stroke
siarts, or to provide a passageway for other periods of
duration,

Egress valve 20 with oscillating valve element 65 is
operated by crank 84, link €3, lever 62 and solenoids
59 and 66 by contacts 57 as described in connection with
Fig. 1. Egress valve 29 discharges the liquid into pipe
21 which in turn delivers it to pipe 22 for return to
reservoir 24.

Contacts 57 are differeatly arranged than in either
Fig. 1 or 2. Throttle rod 12 is moved when foot throttle
139 is depressed. Throttle rod 12 is firmly attached to
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element 140. Rod 141 slides easily in element 149 and
carries a head 342 against which bears spring 143 which
in turn bears against an inside wall of clement 148. Rod
141 not only moves the throttle on shaft 11 in carburetor
16, but moves-a connection 144 which actuates dashpot
145 or an equivalent device. Dashpot 145 may be of any
suitable design, and is -arranged to provide resistance
opposing the opening of the carburetor throttle when rod
12 is pushed to the right, but will provide litile or no
impedance to the movement in the reverse direction to
close the throttle. One of contacts 57 is metal plate 146
carried by element 149 but insulated therefrom and from
rod 141. The other contact of the pair 57 is metal ele-
ment 147 firmly attached to red i41 and grounded in
any suitable manner. The grounding means can be con-
nected 1o tiic engine or frame. When pedal 139 is pressed
10 speed up the engine or deliver more power, rod 12 and
element 140 are moved to the right but dashpot 145
prevents rod 141 from moving and cpening the throttle
vntil contact 146 strikes 147 making electrical and me-
chanical contact. The foot pressure will then open the
throtile against the resistance of dashpot 145, When
contacts 146 and 147 touch each other, the circuit from
the generator 60 or battery 61 is completed through wires
148 and 149 to solenoid 59 and egress valve 20 is opened
as described in connection with Fig. 1. When pedal 139
stops moving. spring 143 pressing against head 142 moves
rod 141 enough further to separate contacts 146 and 147,
it being understood that dashpot 145 produces resistance
against rapid movements but very little against slow
movements. Soleroid 59 then releases, and egress valve
20 closes permitting the mechanism for increasing the
compression ratio to again function.

With this form of the invention, the means for reducing
the compression ratio are made operative before the
throttle moves at times the pedal is depressed for in-
creasing the engine power or speed and are kept in
operative conditien so long as the foot pedal 139, and
throttle rod 12 ore in motion in such a direction as to
incresse the manifold gas pressure.

In an enginc equipped with my invention, the efficiency
is so much increased that with an idling throttle adjust-
ment common for fixed compression, the engine may idle
at excessive speed when the compression ratio is in-
creased.  Since the engine starts easier with minimum
compression it may be preferable to provide an initial
idling adjustment suitable for the minimum compression
condition. Idling adjusting screw 330 on carburetor
10 is so adjusted. If the generator 6@ does not “build up”
at idling speed, idling with minimum compression ratio
proceeds. If the generator does build up, solenoid 66
is energized through connection 149 and egress valve 26
is closed placing the mechanism in operation to increase
the compression ratio. When the compression ratio is
increased, the idling speed will increase. In Fig. 5 is
shown an arrangement for controlling the excessive speed.
Pipe 151 connects to pipe 152 in Figs. 1, 2 and 3, and
carries the liquid at the pressure in pipe 25 in Figs. 1
and 3 or cylinder 101 in Fig. 2, to a cylinder 153 in
Tig. 5 where it exerts pressure on piston 154, moving rod
155 against the force from spring 156 and turning crank
1587 on shaft 158 which carries cam 159 against which
bears adjusting screw 158 for controlling idling.  When
the liquid pressure rises in pipes 25 or 181 to increase the
compression ratio, cam 159 is rotated in such a direc-
tion that screw 130 is lowered, thereby closing further
the throttle valve in carburetor 18, and the engine idling
speed is reduced.

Fig. 6 shows an attachment for Figs. 1 and 2 to reduce
the compression ratio of the engine when the engine slows
down slowly with an increase in load, and the throttle is
not moved. 160 is a cylinder closed at one end, with
piston 161 ncar the other end and adapted to move there-
in. A chamber 162 of sufficient size to partake of the
operation described below exists between piston 161 end
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the closed end thereof. The pision is conpected to 2
piston rod 163 which in turn passes through plate ;'{.GCZ
which closes the other end of the cylinder 160 forming
a small chamber 163 between plate 164 and piston 151,
Piston rod 163 is fastened to spring 166 which is designed
and adapted to move piston 181 back or forth about a
position of equilibrium whenever the piston is displaced
therefrom. Spring 166 makes contact with spring 167
when the piston is in the position of equilibrium, but
the contact is broken if the piston moves to the left.
VWires 168 and 169 connecting to springs 157 and 166
are to be inserted in series in the ¢ircuit at point W—W
in Figs. 1 and 2, between solenoid $6 and ground. Cham-
ber 165 connects to intake manifold % by means of pipe
179 connecting to pipe 171 in Figs. 1 and 2. On the
inside of cylinder 160 are two depressions, that may be
circular or other convenient shape, whose edges almost,
but do not quite touch, under the rim of pistor 161 when
the latter is in its position of equilibrium.

The operatior is as follows. When the engine slows
up under an increased lcad aand the throttle is not moved,
the gas pressure in the intake manifold rises slowly.
Pipe 170-—171 connecting chainber 165 with ths intake
manifold 9 allows the increased gas pressure to act upon
piston 161 pushing it to the left. The piston pulls rod
163 and spring 16§ so that the contact between springs
166 and 167 is broken. Since the two springs are in the
circuit wiith generator 60 and solenoid 66, the solencid
is released, and valve 28 is opened a small amcunt
Explosion pressures in engine compression chamber 18
or 73 and pressure from spring 15 will slowly force out
liquid from closed space 19 and enlarge the compression
chamber thereby avoiding excessive coinpression pres-
sures. After the gas pressure in the intake manifold 9
and chamber 1653 ceases to rise, the gas in chamber 162
will jzak zround the piston slowly, or pass through orifice
174 in pision 161 equalizing the pressures on both sides

of the piston and spring 165 returns the piston to the
equilibrium position and alsc makes contaci with spring
i which again energizes solenoid 66 to close egress

valve 28.

“When large changes in pressure occur in chamber 165
due to the operation of the throttle valve, the piston
153 will move to one side or the other of its equilibrium
position cnough so that bypass depression 172 or 173
will straddle ihe piston and provide a path for the passage
of gas quickly between chambers 162 apd 1$5. The
device shown in Fig. 6 together with sclenoid 6% and
valve 26 therefore provides a means for reducing the com-
pression ratio slowly when the gas pressure in the intake
manif{old rises slowly.

tn Figs. 7 and 8 is shown another form of the inven-
iion.  Fig. 8 is a top view of one cylinder and Fig. 7 is
a side view of the same cylinder at A—4A in Fig. 8. A

q
sliding cylinder 1B in which the power piston 2 moves,
13 slidably positioned inside cylinder 6 which is part of
the enzine cylinder block. Cylinder iR is closed ai its
upper end by movable wall 178 to which it is firmly
fastened in any suitable manner. Cylinder 1B contains
ne side onenings so that the corapression chamber 18
is entirely enclosed by cylinder 1B, piston 2 2nd movable
vwall 175, With this arrangement problems connected
with leakage of gases or liquids past the movabie wall are
avoided.  Exhaust valve 74 and intake valve 75 are
located in the movable wall 175. Spark plug 176 may
also be placed in the movable wall. Intake and exhzust
passageways 177 run from their respective valves to the
outer cviindrical side of the movable wall, and siidably
connect with passageways in the engine block to the in-
take manifold 9 and the exhaust pipe (not shown) re-
spectively. Valve rods 178 pass through guides 179, the
ruides being firmly attached to the movable wall 175,
The valve guides 179 pass through plate 13 by means
of any suitable stufing hox.

Plate 13 closes the upper 75
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end of cylinder & to which it is firmly attached thereby
producing an enclosed chamber 19 between it and the
movable wall 175 adapted o be iilled with liguid. A
tubular well 180 may exiend through plate 13 by meuns
of a stuffing box and be attached to the movable wall
s¢ as to provide a well in which the spark plug 176
can be reachably placed.

A platform 187 may be attached to the valve guides
179 and spark plug tube 186 im aay suitable manner 50
as to move up and down as wall 175 and cylinder 1B
move up and down. The valves are actuated by rockers
182 which in turn are actuated by valve rods 183 from
the cam shaft. Rockers 182 are pivoted on shaft 184
which in turn is supporied by links 185 from levers 186.
Levers 186 are rotatably supported at one end by stzn-
chions 187 attached to the plate 13, and at the other end
by stanchions 188 aitached to the platform 181 whereby
the movable wall 175 and valves 74, 75 may be raised and
lowered and such movement will raise and lower the
pivoting shaft 184 the correct amcunt so as {o cause the
valves to correcily operate at all positions within the
movable range of the assembly 375, 179, 189, 181,

Positioned under platform 181 between it and plate
13 may be a spring 18% of any convenient shape, so as to
exert an upward force tending ic move the platform up-
ward and enlarge the compression chamber,

The compression chamber 18 is reduoced in size by
means of liquid from pump 99, which may be the regu-
lar engine oil pump. The liquid enters inclosed space 19
through check valve 41 and passageway 198. The mov-
able wall is positioned as follows. Pipe 198 containing
one or more holes 191 in iis side passes through plate 13
by means of a suitable stuffing box and inte a close
fitting hole 192 in the movable wall. Pipe 198 at its up-
per end is attached to vacvum register 193 in any suit-
able manner such as by lever 194 pivoted on stanchions
197 from plate 13, and connection 183. Vacuum register
193 is conmected by pipe 27 to the intake manifeld S.
With no vacuum in the intake manifold, the spring 208
on the vacuum tegister 193 lifts pine 13¢ until holes 191
are just urder the lower surface of plate 13. All liquid
eniering enclosed space 19 from pump 96 passes directly
out holes 191, pipe 190 and flexible pipe 196 to return
pipe 21. When a vacuum develops in the intake mani-
fold 9, the diaphragm in the vacuum register 193 com-
presses the attached spring 260 a predetermined amount,
and pipe 188 moves downward a predetermined amount
placing holes 191 at the position of the upper surface of
movable wall 175 that has been determined to produce a
compression ratic to correspond with the intake manifold
vacuum. The liquid entering enclosed space 19 will then
depress the movable wall until the escape holes 191 are
partially uncovered by the upper surface of the movable
wall, The wall will now remain at such a position thai
the amount of liquid entering enclosed space 19 equals
that passing ovt through holes 191. The wall wili move
up and down slightly during the explosion and admission
strokes, respectively, but the movement can be made
as small as desired by enlarging and shaping holes 191.

If the gas pressure in the intake manifold shouid rise
siowly as from ap increase in engine load and drop in
speed, the vacuum register spring 280 will withdraw pipe
199 sufficiently to readjust the compression ratio.

Lever 194 is fastened firmly to shaft 199 and shaft
189 extends to other cylinders in the case of a muiti-
cylinder engine so that vacuum register 193 can operate
pipes 199 for all cylinders simultaneously.

Te provide for a rapid increase in size of the com-
pression chamber when the throtile rod is moved to cet
more power or speed, egress valve 29 is provided as men-
tioned and described in connection with Figs. 1, 2 and 3.
The valve 28 is actuated by solencid 59 from contacts as-
sociated with the carburetors mentioned, and the oner-
ation is as described with respect to the other figures,

The carbureter, intake manifold connection, and oper-
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ating mechanism for solenoid 59 may be provided by
utilizing such parts above lines Z—Z from one of Figs.
1, 2 or 3 and connecting in Fig. 7 at Z—Z.

The generator 69 in Fig. 7 below the lines V-V may
be the generator 68 in Fig. 2 below the lines V-V, in-
cluding the elements 107 to 117, inclusive, and 121 and
122. A solenoid 119 is provided in Fig. 7 such that
when it is energized it assists the suction in the intake
manifold to increase the compression ratio by lowering
pipe 190. As described in conmection with Fig. 2, a
sufficient increase in engine speed will cause dog 115 to
connect first with spring 116 and then with spring 121
making connections through resistances 117 and 122
and wires 118 and 126 to energize solenocid 119 and cause
the compression ratio to be increased as a result of speed
above that which is determined by the intake manifold
vacuum alone,

If desired, liguid pump 23 of Fig. 1, described above
as a pump without a pressure regulator, may be substi-
tuted in Fig. 7 at U—U for liguid pump 99, described
above as the customary engine lubricating oil pump con-
taining a pressure regulator 201, With pump 23 deliver-
ing liquid proportionally to engine speed, the compres-
sion ratio may be caused to be increased at a faster rate
than with pump 99. In addition, the faster raie of liguid
delivery with increased speed of the engine will cause the
movable wall to uncover a greater amount of holes 191
at higher engine speeds, thus causing the compression
ratic to increase with increased engine speed above the
amount determined by the intake manifold vacuum. With
this substitution elements 167 to 1i4 and 117, 122, and
119 in Fig. 7 may be dispensed with.

The engine driven rotating valve 137 in Fig. 3 at lines
X—X may be substituted for the check valve 41 at X—X
in Figs. 1 and 2, or the check valve 41 at X—X in Fig.
1 or 2 may be substituted for the rotating valve 137 at
XX in Fig. 3.

The pressure regulator 26 and pump 23 in Fig. 1 at
¥—Y, the pressure regulator 91 and pump %8 at Y—Y
in Fig. 2, and the pressure regulator 123 and pump 23
at Y—7Y in Fig. 3 may be interchanged or substituted
among the three figures.

The carburetor 19 and resistance 56, 88 carrying con-
tracts 57 in Fig. 1 at Z—Z, the carburetor 18 and dash-
pot £63 with contacts 57 in Fig. 2 at Z—Z, and the car-
buretor 18 dashpot 143 and eiement 148 carrying con-
tacts 57 in Fig. 3 at Z—Z may be interchanged or sub-
stituted among the three figures.

It is to be understood that the various subcombinations
for performing specific functions may be used in any of
the systems disclosed 1o which they are adaptable.

Although this invention has been described and illus-
trated in relation to specific wrrangements, it is to be
understood that it is capable of application in ¢ther or-
ganizations and is therefore not to be limited to the
particular embodiments disclosed.

What is claimed is:

1. A variable compression internal combustion engine
including an intake manifold, means comprising a throt-
tle for varying the intake manifold gas pressure, a throttle
member for controlling said throttle, means activated by
a falling intake moanifold gas pressure to increase the
compression ratio of said engine, means for disabling
said second-named means and for decreasing said com-
pression ratio, and actuating means for said last-named
means connected between said last-named means and
said throttle member operable before said throitle moves
appreciably while said throttle member is moving in a
direction to raise said intake manifold gas pressure.

2. A variable compression internal combustion engine,
comprising an intake manifold, a throttle, a throitle mem-
ber for controlling said throttle, and means to adjust the
compression ratio of said engire to a predetermined value
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causes a rise in said pressure, said means comprising, in
combination, means to reduce said compression ratio be-
yond said predetermined value under control of said
throitle member before said throtile moves appreciably,
additional means for increasing said compression ratic
to said predetermined value under control of said gas
pressure in said intake manifold and means controlled
by said means for reducing the compression ratio for
rendering inoperative said additional means for increas-
ing the compression ratio while said means for reducing
the compression ratio is operating. ,

3. A variable compression ratio imternal combustion
engine in which the compression ratio is varied as z
result of a change in the gas pressure in the intake mani-
fold, a throitle for controlling said gas pressure, a throttle
member for actuating said throttle, means for reducing
the compression ratio comprising a valve, and connecting
means connecting said throttle member, said throttle and
said valve for actuating said valve before appreciably actu-
atingsaid throttle to prevent excessive rise in compression
pressure upon opening the throttle, said connecting means
comprising instrumentalities for operating said throttle
independently of said compression ratio at all times.

4. A variable compression ratio internal combustion
engine according to claim 3 in which the means connect-
g said throttle, said throttle member and said valve in-
cludes elastic and damping means adapied to actuate said
valve only while said throttle member is in motion.

5. A variable compression ratio intermal combustion
engine according to claim 3 in which the means connect-
ing said throttle, said throttle member and said valve
include an elastic member adapted to be strained before
either said throtile or said valve is actuated, and a dash-
pot means connected to said throttle for opposing motion
of said throttle until said connecting means to said valve
begins to actuate said valve.

6. A variable compression ratio internal combustion
engine according to ¢laim 3 which includes a compression
chamber having a movable wall, an enclosed space be-
hind said movable wall adapted to be filled with liguid,
and an egress passageway from said enclosed space con-
taining said valve.

7. A variable compression ratio internal combustion
engine according to ciaim 6 which includes a hollow
cylinder in which the power piston slides, said cylinder
being slidably positioned in the engine and having firmly
attached thereto said movable wall so as to close one
end of the cylinder.

8. A variable compression ratio internal combustion
engine according to claim 7 which includes intake and
exhaust valves, said valves being located in said movable
wall. )

9. A variable speed internal combustion engine oper-
able over a substantial speed range comprising an electro-
magnetic generator of a force driven by said engine and
generating a force due solely to speed of said engine which
varies in a predetermined manner with variations of speed
of said engine, and a second force generating means op-
erated by power from said engine for increasing the com-
pression ratio of said engine, control means for said
second force generating means actuated by gas pressure
in the intake manifold, and additional control means for
said second force generating means actuated by said first
generating force means for increasing the compressicn
ratio of said engine with increase in speed of said engine
beyond the value determined by the gas pressure in the
iniake manifold,

16. A variable speed variable compression ratio internal
combustion engine including means for supplying a Hquid
under variable pressure for varying said compression ratio,
a carburetor for said engine, an idling adjustment on said
carburetor, and pressure responsive means connecting said
idling adjustment with said means for supplying a liquid
under variable pressure, for varying said idling adjust-
ment in a direction to reduce the engine speed when the
compression ratio is increased.
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11. An internal combustion engine having a variabie
compression chamber with a movable wall, ag enclosed
space behind said movable wall adapted to be filled with
liquid, means for supplying liquid under pressure, and
means comprising a valve driven by said engire for pro-
viding a two-way passageway for said liquid between seid
enclosed space and said means for supplying liquid under
pressure solely during exhaust, admission and compres-
sion strokes of the engins.

12. in an internal combustion engine, a variable com-
pression chamber having a movable wall, an eaclosed
space behind said movable wzll adapted (o be Glled with
liquid, a pump driven by said enginz for supply lquid
for said enclosed space, a passageway for conveying said
liquid from said pump to said enclosed spacs, a pressure
regulator for regulating the pressure of the lignid in &
predetermined relation to the intake manifold gas pres-
sure, a second passageway for said liquid rupming from
said first passageway to said pressure regulator, a re-
stricted opening in said second passageway across which
an increasing pressure develops due io the passing o
the pressure regulator of an increasing volume of liguid
with increasing spesed of said engine.

13. An internal combustion englne comprising a com-
bustion chamber having a movable wall, an intake mani-
fold copnecied with said combustion chamber, & carbu-
retor having a throtile comnected with said intake mani-
fold, a liquid pump driven by said engine, an enciased
liquid pressure space behind said movable wall, a passage-
way for conducting liquid supplied by said pump to said
enclosed pressure space, a pressure regulaior connected
with said pump, said intake manifold and said passage-
way for regulating the lquid pressure in said passageway
in accordance with the vacuum in said intake manifold, a
valve vonnected bLetween said passageway and said en-
closed pressure space for admiiting said liguid inte said
enclosed pressure space and for preventing compression
and explosion pressures from influenciag the Hquid pres-
sure in sald passageway, 2 spring comnecied with said
movubie wall for exerting pressure on said liquid in said
cnclosed pressure space, a second valve connacted with
said enclosed liquid pressure space behind said movable
wall for opeming «n egress passageway for said Hauid
in said enciosed space, and a solensid controlled by said
throtile and connecizd to said secoad wvalve,

[4. An internal combustion eagine comprising means
including an intake manifold o supply an explosive gas
mixture at variable pressure fc said engine, a variabie
compression chamber for said gas mixture comprising &
movable wall, & spring adapted to exert a force on said
movasle wall in such a direction as o enlarge said
compression chamber and of z predetermined magnitude
with respect to the posiiion of sald movable wall, an
~nclosed space behind said movable wall adapted 10 be
fified with liquid and sealed against egress of any of said
hguid during the explosica cycle of said engine while
at substantially constant spzed and power, a
: nection to said enclosed space adapted to be
with hiquid at o nressure foree conirolled by and in
term davon 1o said gas pressure in said in-
o manifold, and meons 10 position said movable wali
at a position determined by said spring force and said
liquid pressure force con:prising means toc open 1 passage-
way between said supply conneciion and said enclosed
space.

{5, An internal combustion engine having & variable
cempression chamber comprising a movable wall. an en-
closed ~space benind said movable wall adapted e hol
itguid. o throtile adapted 1o control the speed of said
cagine, means for moving said movable wall and eniarg-
ing said compression chamber quickly comprising valve
means adapted to open a Jow impedance egress passage-
way for said lguid in said enclosed space, a connection
between said throtile and said valve means, and 2 source
of velocity produced force inciuded in said connection
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between said throttle and said valve means for actuating
said valve means and opening said egress passageway
only while said throttle is in motion in such a direction
as to increase the power of said engine.

i6. An internal combustion engine comprising an in-
take manifold, 2 movable cylinder having a power piston
therein, & compression chamber having a movable wall,
said wall being firmly attached to and closing one end of
said movable cylinder in which said power piston slides,
an enclosed space behind said movable wail adapted to be
filled with liquid, 2 liquid pump connected to said en-
closed space for supplying liquid therets, a valve con-
nected between said liguid pump and said enclosed space
behind said movable wall, said valve censtituting means
adapted to provide a passageway for said liquid between
said pump and sald encloscd space, regulating raeans
connected to said intake manifold and to said pump for
controlling the pressure of the liquid supplied by said
pump in accordance with the varying vacuum in said in-
take manifeid, a spring connected to said movable wali,
said spring constituting means adapted to exert a pressure
on said liguid in said enclosed space and adapted to co-
operate with the controlled pressure of said liquid sup-
plied by said pump to said enclosed space for positioning
said movable wall in & predetermined relation to the gas
pressure in said intake manifold, & second connection to
said enclosed space behind said movabie wall, said con-
nection including a second valve constituting means
adapted to provide an egress passageway for said liquid
in said enclosed space for disabling said means coop-
crating to position said movable wali in a predetermined
relation to the gas pressure in said intake manifold and
for enabling said spring to enlarge said compression cham-
ber, a throttle member adapted to control the gas pressure
in said intake manifold, and a connection between said
throttle member and said second valve constituting means
adapted to open said sccond valve for enlarging said com-
pression chamber while said threttle member moves in a
direction to increase said gas pressure in said intake mani-
fold.

17. A variable compression internal combustion engine
comprising a carburetor for said engine, a throttle mem-
ber connected to said carburetor, an intake manifold
connected to said carburetor for supplying an explosive
gas mixiure to said engine at variable pressure, a cylinder
connected to said intake manifold and having a power pis-
ton therein, a variable compression chamber in said cyl-
inder and having a movable wall member, said wall mem-
ber being attached to and closing one end of said cylinder
in which said power piston slides, an enclosed space be-
hind said movable wall member adapted to be filled with
liquid and sealed against egress of any of said liquid dur-
ing the explesion cycle of said engine while cperating at
constant speed and power with constant gas pressure in
said intake manifold, a source of a forca comprising a
Jiquid pump driven by said engine and adapted to supply
said liquid under pressure to said enclosed space, means
1o regulate said force comprising a pressurc regulator
conaected to said liquid pump and to said intake manifold
and constructed and arranged to regulate said pressure of
said liquid in a predetermined relation to said gas pressure
in said intake manifold, means to admit said liquid into
said enclosed space behind said movable wall comprising
o conneciion between said pump and said enclosed space
including valve means adapted to admit said liquid into
said enclosed space only during periods of relatively low
pressure in said compression chamber, means to enlarge
said compression chamber comprising a spring adapted
to exert a force on said movable wall in such a direction
as to apply pressure on said liquid in said enclosed space,
snid last-menticnad means being adapted to cooperate
with said regulated pressure of said liquid supplied by
said pump to said enciosed space by exerting a force on
said movabie wall for positioning said movable wall in
a predetermined relation to said gas pressure in said intake
manifold, g passageway of substantially iow impcdance
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for the egress of szid liquid in said enclosed space com-
prising a connection between said enclosed space and a
region of relatively low pressure, means io control the
egress of said liquid from said enclosed space comprising
a second valve means adapted to close said epress passage-
way, means driven by said engine for generating a second
force continuously while the speed of said engine is higher
than a predetermined value, means to prevent said com-
pression chamber from being enlarged under the influence
of said spring comprising conuecting means between said
generator of said second force and said second valve
means for closing said second valve means by said second
force, means to enlarge said compression chamber quickly
upon a demand for more power from said engine com-
prising a connection between said second valve means and
said throttle member for opening said second valve when
said throttle member is moved in a direction to increase
the power of said engine, means to actuate said connec-
tion between said second valve means and said throttle
member only while said throttle member is moving com-
prising a source of a force generated by the velceity of
movement of said throttle member inserted in said con-
nection between said second valve means and said throttle
member, means driven by said engine for generating a
third force, said force varying in a predetermined manner
with variation in speed of said engine, means to increase
said pressure of said liquid supplied by said liquid pump
with increase in said speed of said engine comprising a
connecton between said generator of said third force and
said pressure regulator, an idling adjustment on said car-
buretor, means responsive to said pressure of said liquid
supplied by said liquid pump for varying said idling ad-
justment for keeping the speed of said engine substantially
constant with change in compression ratio of said engine
produced by change in size of said compression chamber.

18. A variable compression ratio internal combustion
engine comprising a movable wall, an enclosed space be-
hind said movable wall adapted to be filled with liquid.
means for moving said wall and increasing the compres-
sion ratio under control of the intake manifold gas pres-
sure, a throttle rod for controlling said gas pressure,
means for moving said wall and reducing the compres-
sion ratio under control of the intake manifold gas pres-
sure, and additional means for reducing the compression
ratio quickly comprising an egress valve for liquid in said
enclosed space connected to said enclosed space, and a
connection between said egress valve and said throttle
rod adapted to open said valve when said throttle rod
moves in such a direction as to increase said intake mani-
fold gas pressure.

19. A variable compression ratio internal combustion
engine comprising a movable wall, an enclosed space
behind said movable wall adapted io be filled with liquid,
means for moving said wall and increasing the compres-
sion ratio under control of the intake manpifold gas pres-
sure, a throttle rod for coantrolling said gas pressure, and
means for reducing the compression ratio comprising an
egress valve for said liquid in said enclosed space con-
nected to said enclcsed space, and a connection between
said egress valve and said throttle rod adapted to open
said valve only while said throttle rod i3 in moticn in
such a direction as to increase said intake manifold gas
pressure,

20. A variable compression ratio internal combustion
engine comprising a movable wall, an enclosed space
behind said movable wall adapted to be filled with liquid,
a pump driven by said engine for supplying liquid at a
rute proportional to the speed of said engine, & connection
for conveying liguid from said pump to said enclosed
space, means under control of the intake manifold gas
pressure for controlling the flow of said liquid to position
said movable wall in a predetermined relation to said gas
pressure, and a restricted opening in the path of flow of
at least a part of said liquid whereby the pressure de-
veloped across said restricted opening by the flow of liquid
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therethrough will be applied to said movable wall and
will move said movable wall an additional amount beyond
said predetermined relation position.

21. A variable speed variable compression ratio inter-
nal combustion engine comprising a liquid pump driven
by said engine for supplying liquid at a rate proportional
to the engine speed, a liquid pressure regulator controlled
by the gas pressure in the intake manifold for reguiating
the liquid pressure at its intake side in a predetermined
relation to said gas pressure, a connection for liquid
between the output side of said pump and said regulator
intake side, a variable compression chamber in said engine
having a movable wall, an enclosed space behind said
movable wall adapted to be filled with liquid, a second
connection for the liquid running from said enclosed
space to the output side of said pump, a restricted pas-
sageway in said first connection positioned so that the
liquid to said pressure regulator passes therethrough, said
restricted passageway being so proportioned that at the
higher speeds of the engine speed range a pressure dif-
ferential will appear across said passageway that in-
creases with speed of said engine,

22. An internal combustion engine having a variable
compression chamber comprising a movable wall, an en-
closed space bebind said movable wall adapted to hold
liquid, a throttle adapted to control the speed of said
engine, a throttle rod, means for moving said movable
wall and enlarging said compression chamber gquickly
comprising valve means adapted to open a low impedance
egress passageway for said liquid in said enclosed space,
actuating means connecting said throttle, said throttle rod
and said valve means adapted to actuate said valve means
and open said egress passageway only while said throttle
rod is in motion in such a direction as to increase the
power of said engine and before appreciably actuating
said throttle, said actuating means comprising instru-
mentalities for operating said throttle independently of
said compression ratio at all times.

23. An internal combustion engine according to claim
22 which includes a hollow cylinder in which the power
piston slides, said cylinder being slidably positioned in
the ‘engine and having firmly attached thereto said mov-
able wall 50 as to close one end of the cylinder.

24. An internal combustion engine according to claim
23 which includes intake and exhaust valves located in
said movable wall, valve rod means driven by said engine
for actuating said intake and exhaust valves, rocker arms
adapted to actuate said intake and exhaust valves by
movement of said valve rods, and means connecting said
rocker arms and said movable wall for moving the ful-
crum of said rocker arms up and down withh movement
of the movable wall to maintain an operative adjustment
between said intake and exhaust valves and said valve
rods.

25. An internal combustion engine according to claim
22 which includes means for adjusting the compression
ratio comprising a movable discharge passageway for said
liquid in said enclosed space, means actuated by said
movable wall to increase the size of said passageway as
said movable wall moves in a direction to increase the
compression ratio, and means connecting said movable
discharge passageway with the intake manifold adapted .
to position said discharge passageway so as to position
said movable wall and adjust the compression ratio in
predetermined relation to the gas pressure in said intake
manifold.

26. A variable compression ratio internal combustion
engine comprising an expandable chamber adapted to
hold liquid and change the size of the compression space,
a valve connected to said chamber for controlling the
exit of liquid from said chamber, a throttle, a throttie
rod, yiecldable connectinig means connecting said throttle
rod, said valve and said throttle adapted to open said
valve and said throttle by a single movement in one
direction of said throttie rod, means to delay the opening
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of said throttle until after said valve is opened upon the
movement of said throttle rod in said one direction, and
means subsequently operative to close said valve inde-
vendent of motion of said throttle rod and independent
of the position of said throttie,

References Cited in the file of this patent
UNITED STATES PATENTS

Re. 18,595 Wilson ce oo Sept. 13, 1932
1,227,612 Hanzlik o May 29, 1917
1,925,086 Snyder ao e Sept. 5, 1933

2,040,652 L6 £-1' S May 12, 1936

10

2,042,969
2,120,012
2,145,017
2,163,015
2,467,568
2,592,829

334,616
483,298
212,092

SDYAEr cmcecnvmncncaaa—— June 2, 1936
Andreal cevcccvccmmacana June 7, 1938
Tsueda cecmccmcecccceaan Jan. 24, 1939
Wagner - voccvcecemc——— June 20, 1239
BOS8EN e Apr. 19, 1949
3371111 S, Apr. 15, 1952
FOREIGN PATENTS
Great Britaifh wevcvceew. Sept. 11, 1930
Great Britaifl oeeceaaoun July 13, 1936
France coacccncnuacoean Nov. 1§, 1946



