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This invention relates to pistons for internal -
combustion engines of the four and six stroke.

cycle type, and in particular, relates to a piston,
a dash-pot device, a cross-head and a connecting
- rod, which, operating together, serve to produce
strokes of variable length. o
Briefly described, the invention consists of a
piston having a piston-rod cast integral there-
with, with a pneumatic double-acting piston at
10 the rod’s other extremity. Said piston, piston rod
and pneumatic piston have no mechanical or
fixed attachment to the cross-head, connection
being had through pneumatic means alone. 'The
pneumatic piston reciprocates within a pneumatic
156 cylinder which is a part of the cross-head, said
cross-head being constrained to move within the
engine cylinder by guides. The cross-head is
journaled to the connecting-rod by means de-
scribed hereinafter and shown in the drawings.
The purpose of this piston, known as the pneu-
matic differential piston, is to enable & more com-
plete expansion of the initial charge, down to at-
mospheric pressure if desired. As is well known,
the most serlous deficiency in internal combus-
o5 tion engines to date is the lack of sufficient ex~
pansion. This results in a number of undesirable
effects, among which are, wasted energy through
the exhaust; back pressure through the exhaust
amounting to approximately 5% of the net out-
30 put; excessively high exhaust temperatures re-
sulting in overheating and burned valves; noisy
operation requiring elaborate mufiiing devices,
and, not the least important is the incomplete
combustion of the fuel, resulting in carbon de-

35 posits and air pollution. These effects can largely

be overcome by more complete expansion and a
very large saving in fuel can thus be accom-
plished. _ ‘
Up to the present time engine manufacturers,
40 experimenting with engines using greatly in-
creased expansion of the initial charge, have
found that the theoretical gains in output and
economy have been more than offset by the in-
crease in friction losses. This being the main
46 point to overcome in a practical manner, I will
outline a means for overcoming same with a
theoretical engine, having the pneumatic differ-
ential piston. R
Assuming & conventional four stroke cycle en-
50 gine, in which all four strokes per cycle are of
equal length, (hereinafter called engine #1),
drawing in a given volume of fuel at each suction
stroke and developing a given horsepower at
a given number of R. P. M. .
55 ‘'Then assume & second four stroke cycle engine

(hereinafter called engine #2) having the pneu

_matic differential piston, with an arbitrary cylin-

der area of, say, twice the cylinder area of engine
#1, and drawing in the same volume of fuel at
each suction stroke as engine #1, Both engines §
have the same ratio of compression. It will then
be seen that the intake or suction stroke of en-
gine #2 will be one-half the length of stroke in

engine #1, Then, since the pneumatic differen-

tial piston makes short suction and compression 10
strokes and long expansion and exhaust strokes,
the burned gases in engine #2 are expanded to
approximately twice the volume of the admitted
charge. Since the expanding gases in engine #2
act upon a piston having twice the area of the 15
piston in engine #1, the horsepower developed
per cycle in engine #2 will be considerably great-
er than that developed in engine #1, Then, in
order that engine #2 develop & horsepower out-
put equal to that of #1, the R. P. M. of #2 will
be proportionately less than that of engine #1
to achieve that result. In any case engine #2
will operate with greater economy and less fric-
tion per horsepower produced than engine #1.

It will be found that the piston rings (the o4
point of greatest friction in the cylinder) of en-
gine #2 pass over but 12% greater area per cycle
than the rings of #1 per cycle without, however,
being subject to side thrust.

This is due to the fact that the cylinder area gq
traversed in engine #2 by a stroke equal in length
to the stroke of engine #1 would be approximate-
ly 1.4 times the area traversed per stroke in #1.
The suction and compression strokes of #2, being
one-half the length of stroke in #1 will traverse 33
an area approximately 0.7 times that traversed
during those strokes in #1, The expansion and
exhaust strokes in #2, being slightly longer than .
the corresponding strokes in #1, will traverse an
area approximately 1.54 times that traversed 4g
during those strokes in #1, thus leaving a net
traversed area per cycle in engine #2 of approxi-
mately 1.12 times that traversed in engine #1.
The cross-head guides of #2, although comprised
of arcuate segments, also pass over a larger area 45
per cycle than the-skirt in #1, but there is oppor-
tunity: for more efficient lubrication in #2, which
therefore, has less friction, In both engines an
equal quantity of fuel mixture is compressed but’
in engine #2 compression does not start until the 50
piston has passed more than half way up in the
full stroke of the cross-head and the angularity
of the connecting rod is diminishing, therefore,
friction in the cylinder and other related engine
friction during compression is less in #2 than 56
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in #1. In consideration of all this and other
hereinafier mentioned sources of friction econ-
omy the total friction loss per cycle of engines
#1 and #2 should very nearly balance, either
8 way. BSince the expansion in engine #32 is car-
ried farther than that in engine #1, the M. E. P.
of #2 will be the lesser, but, since for an equal
horsepower output engine #2 operates with less

friction and exhausts against a lesser back pres- -

10 sure, it will have a greater mechanical eficiency
than engine #1, which will be reflected to the
benefit of its M. E. P, .

In addition, a practice now made necessary by
high exhaust pressure, that of opening the ex-

18 hause valve a very considerable time before the
piston reaches bottom dead center, need not be
followed. The lead could be considerably short-
ened, according to the design. .

The above illustration is no doubt an extreme

£0 application of the pneumatic differential piston, -

due to the assumed greatly increased cylinder
area and assumed greatly reduced speed mak-
ing necessary a much larger engine than one to be
had by a more moderate design. Such a moder-

28 ated design would achieve approximately pro-
portionate results to the above by using a more
moderate increase in cylinder area, 8 more mod-
erate decrease in R. P. M. and a reduction in
fuel consumption per cycle in comparison to the

30 conventional engine, -

For most efficlent operation, the force of the
expanding charge should be delivered through
the piston to the connecting-rod, in a direct line,
axially of the piston and with a minimum of fric-

35 tional resistance by all parts. This is accom-
plished by my invention. The piston and pis-
ton rings are not subjected to side thrust at any
time, and the piston is free to rotate naturally
within the cylinder, thus allowing for self-ad-

40 justment to any irregularities of the cylinder
walls and promoting equal wear.

The working piston, piston rod and pneumatic
piston are of aluminum alloy, the cross-head and
guides preferably of steel, although any other

45 suitable metals may be employed. The cross-
head guides are provided with a plurality of pe-
ripheral oil-grooves on their bearing surfaces
and may be machined to very close limits of cyl-
inder clearance since they are separated from

80 direct contact with the piston. The guides, as
will be seen, are formed in pairs as a letter H,
each pair receiving thrust at alternate strokes.
By transmitting the thrust through the struts,
each at an angle, an equal projected bearing area

LU may be had with less material and weight than
can be had with the usual type of trunk piston
skirt, and a better distribution of wear of the
cylinder walls is obtained.

0 Recommended embodiments of my invention
are {llustrated in the accompanying drawings, in
which

Pigure 1 is a vertical section of the piston as-
sembly,

PFigure 2 is & transverse section of the cross-

8 head pneumatic cylinder at A—A without the
connecting rod being shown.

Figure 3 is a fragmentary view of the cross-
head. -

ro Plguredisa disgrammatic view of the relative

position of the piston during the suction stroke,
at the time of opening the fuel inlet valve.
Figure 5 is a plan view of the packing spring
mhe!'. ' .
% Referring to the drawings;

Flgure 1. The working piston | is provided
with & plurality of peripheral grooyes i1 for the
reception of piston rings (not shown) and a plu~
rality of reinforcing ribs 18, the contour of the
face being optional according to the engine de- §
sign. The piston-rod 2 is cast integral with the
piston | and has secured to its other extremity by
ascrew , & pneumsatic double-acting piston
3 locked iIn place by a cotter 23, and provided
with a plurality of grooves (8 for the reception 10
of piston rings. The piston-rod also has a spring
ball release valve 24 fitted within the rods ex-
tremity and connecting with drilled passage 28,
said passage 2§ leading to a plurality of ducts 26.

The cross-head § is provided with guides ¢ 15
and struts {8 cast integral. 'The guides ¢ have a
plurality of. peripheral oil grooves 31 for the
maintenance of proper lubrication. The cross-
head § is turther provided with a pneumatic cyl-
inder & cast integral. The cylinder 4 is fitted 29
near ita lower end with an automatic ball intake
valve 16, said valve (¥ being provided with a sug-
gested means for lubrication consisting of an oil
duct I8 and an ofl reservoir 17 supplied by the
splash system. At the upper end of the cylin- 2%
der & there is a packing cap 12, packing spring
washer {4 and metallic packing I3. The spring
washer 14 has radially cut slots extending from
its inner: circumference half-way to the outer
circumference and exerts a pressure upward 30
against the packing I3. The packing cap 2 is
secured as.shown by screw threads,

The connecting rod 8 has bushings 28 in its
forked ends and is articulated with the cross-

9 may expand and contract at will
without causing distortion of any other part, a
fsmtoommnntoplstomus!ncwmtplmheld at ¥
the ends, thus eliminating cylinder scoring due

In use, the piston operates as follows:

At the start of the intake, or suction stroke,
with the piston | and the cross-head § in close 45
proximity (as shown in Pigure 1) at top dead
center, the fuel inlet valve 21 will remain closed
and the exhaust valve 28 will be closing. The
cross-head § will then descend, but since both
valves 21 and 28 are closed, a decrease in pressure 50.
will result in the compression space, due to the

compression space has bécome sufficient (only a 58

vacuum behind piston 8, the main biston { will
cease its descent. With the cross-head in mo-
tion downward the entrapped air within the air
chamber 38 will be compressed, imparting g had
smoooth silent and increasing effect to the move-
ment of the pistons | and 3. When the piston
3 passes the inlet port from valve {5 the vacuum
will be broken and air chamber 28 will fill with
air, sald air drawing in lubricating ofl from res.
ervoir 11, When the cross-head § has descended
to the relative position as shown in Figure 4, with
an arbitrary air pressurein chamber 30, the fuel
inlet valve 21 will then open, admitting the fyel
mixture. Piston I will then descend in the usual L
manner drawing in a charge of fuel mixture. It
wlnbeseenthatduetothededgnorthepack-
ingeqpl!andwasher“.thepacklng 13 will
afford & tight Ait about the piston rod 2 during 5



10

15

20

30

2,104,802

the compression stroke of the piston 3 in the
chamber 30, but will not bind on the return
stroke. The length of stroke made by the piston
3 within the cylinder 8 is determined by the de-
sired ratio of expansion.

During the following compression stroke the
piston { will remain virtually idle while the cross-
head 5 ascends, compressing the air within cham-
ber 29 until a sufficient pressure has developed
to open the release valve 24. This pressure does
not require any additional work on the part of
the engine since it is but the resultant of the
compression pressures within the engine cylin-
der, and the escaping air will have a cooling
effect on the piston rod 2. The cross-head § is
brought into easy, silent contact with piston 3
and the entire assembly then proceeds, with the
piston face 8 in close proximity to the cross-head
5, to the end of the compression stroke. Any
loss of air in chamber 30 is then replaced through
inlet valve 15, which again carries lubricating
oil. The expansion or power stroke and the fol-
lowing exhaust stroke are carried ouf in the usual
manner, with the piston | descending the full
stroke with the cross-head 5. Upon completing
the exhaust stroke, the piston 1 is restrained from
leaving the cross-head 5 (due to its inertia) by
the aforesaid vacuum, or suction developed be-
tween piston 3 and the bottom of the cylinder 4
integral with the cross-head 5. Said vacuum is
aided by the resistance of the exhaust gases. If
there should be a slight movement by the piston
{ into the compression space, it would be but
momentary and would aid the scavenging process.

3

1t will be seen that the piston | can be removed
from the cylinder by removing the cylinder head
and gland cap 12, thus avoiding any disturbance
of the oiling means or the connecting rod. Suit-
able means for inserting a removing tool can bhe
provided in the piston face.

I am aware that prior to my invention pistons
have been made with piston rods, to operate with
cross-heads, and I, therefore, do not claim such
a combination broadly, but :

I claim:

1. The combination, in an internal combustion

_engine, of a working piston, and a second recip-

rocatory member, a dash-pot device comprising
a pneumatic cylinder, a piston rod extending
through one end of the cylinder and connected
at one end to the working piston and at the
other end to a double-acting piston adapted to
reciprocate in said cylinder, and cooling means
for said rod comprising a relief valve suitably
disposed at one end of the piston rod.

2 The combination, in an internal combustion
engine, of a working piston, and a second recip-
rocatory member, a dash-pot device comprising
a cylinder, a piston rod extending through one

end of the cylinder and connected at one end -

to the working piston and at the other end to
a double-acting piston adapted to reciprocate in
said cylinder, and single means for the admission
of air to either side of the double-acting piston
whereby said piston is under restraint of com-
pressed air during strokes in both directions, and
means for the release of air from said cylinder.
EINAR H. HANSEN.
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