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: CHARLESY. KNIGHT, of oak 
UNITED STATES PATENT OFFICE. 

RA , yu ' ...: ' ' - , ILLINOIS, ASSIGNOR. o. ONE-HALF To LYMAN BERNARDirt Bour.NE, OF CHICAGO, ILLINóIs. 
INTERNAL-COMBUSir ION ENGINE. 

Specification of Letters Patent. - Patented Aug. 23, 1910. Application filed April 4, 1904. Serial No. 201,447. 
To all whom it may concern: 
leit, known that I, CHARLEs, Y. KNIGIIT, a citizen of the United States; residing at 
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plan section on the line 5-5, Fig.1. Fi 

Oak Park, in the county of Cook and State 
of Illinois, have invented certain new and 
useful, Improvements in Internal-Combus 
tion, Engines, of which the following is a 
full, clear, and exact specification. 
My invention relates to internal combus tion engines and it has for its primary ob ject to provide an improved form of such 

: engine in which the moving parts for con tirolling 
Space during. the high pressure strokes of 
the piston shall be positively acting and the 
use of puppet valves or the like for such pirpose avoided. 
With these ends in view, the invention 

the fluid contents of the explosion 

consists in certain features of novelty in 
the construction, combination and arrange. anent of parts by which the said object and 
'certain other objects which will hereinafter appear are attained, an example of which 
invention will row be described with refer enee to the accompanying drawings, the 
invention being more 
9ut, in the claims. 
*::In the said drawings-Figure 1 is a verti 
cal sectional view of an engine or motor 
embodying this invention. Fig. 2 is a simi 
lar section taken on a plane at right angles 
to that of Fig.1. Fig. 3 is a side elevation 
thereof partly broken away and partly sec 
tioned. ... Fig. 4 is a plan view. Fig. 5 is a 

particularly pointed 

9. 
(is a section taken through the base longi. 
tudinally of the crank shaft, and Fig. 7 
is an enlarged detail plan section taken ap 
proximately on the line.7-7, Fig.1. 
In carrying out my invention, I employ 

telescoped or concentric cylinders or cylin 
drical elements, the outer one of which is" 
fixed, while the inner one moves or recipro 
cates with relation thereto. Concentric with 
the inner cylindrical element; I employ a 
third cylindrical element or member, which, in conjunction with the said movable ele 
ment, serves to control fluid exhaust from the explosion space of the engine and confine 
itle: explosion to the piston, the explosion 
space and piston being surrounded by the 

55. 

said novable element, and with relation to 
which the piston reciprocates coaxially and 
is connected there with for imparting moye 
ment thereto relatively to the fixed cylin- that the motion of the piston results in a ll.0 

der and to the said third cylindrical element. 
The fixed cylinder has ports which at times 
communicate with the explosion space, and 
at other times are cut of therefron by port 
controlling provisions, or neans external to the explosion space and reciprocating cylin 
der but moving in concert with the latter in 
coöperative relation to the inner face of the 
fixed cylinder. I will describe in detail the 
example of my invention shown in the draw ing embodying these principles. 
The inner reciprocating element is shown 

at 1, and it is in the form of an open-ended 
barrel, and 14 is the fixed cylindrical ele 
ment, while 2 is the third cylindrical ele 
ment which, in this example, is fixed against movement with the piston 3 by being rigidly 
secured to the fixed cylinder or cylindrical 
element 14 and projects into the latter and 
is spaced from the walls thereof and also 
projects into the cylindrical element i in a 
position opposed to the piston 3, the ele 
ment 2 in the example shown being in the 

60 

65 

70 

75 

form of a head or extension on the fixed . . 
cylinder head and all of these parts being 80 co-axial with the piston, with the reciprocat 
ing cylindrical element 1 situated in the an 
nular space between the opposed faces of 
the fixed cylinder and the head 2 and moves 
with relation to but in concert with the pis 
ton for coöperating with the head 2 to con 
trol the fluid contents of the explosion space 
during the compression and explosion strokes 
which are the high pressure strokes of the 
piston and while the element 1 moves con 
temporaneously with the piston it moves a 
shorter distance and undergoes a less num 
ber of strokes than the piston. The piston 
and the reciprocating element 1 are timed in 
their movements in accordance with the 
four-stroke cycle of an explosion motor so 
as to draw in, compress and explode the 
charge between and against the head 2 and the piston and then exhaust the spent gases 
from the explosion space. The piston 3 is 
connected by a pitman. 4, or other suitable 
means, with crank 5 of a crank shaft 6. 
The air or other ingredients of the ex 

plosive charge may be admitted to the ex 
plosion or firing space within the element 
1 and between the head 2 and piston 3 
through the wall of the outer cylinder 14 
and the parts above described are so co:- 
structed, combined and timed in their action 
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other an exhaust port 12, and at a point be 

which in this example of the invention is 
the main exhaust port and which during 

exhaust port 12 and intake port 11 are closed 

complementary motion of the inner cylin 
drical element or cylinder 1 and its asso 
ciated parts, presently to be described, not. 
only for controlling the fluid contents of the 
explosion space during the high pressure 
strokes as before mentioned, but for con 
trolling also the ports of the fixed cylinder 
during the inspiration and exhaust strokes. 

. A zone of the cylinder 1 or a portion of its 
wall area at or near the explosion end or 
end adjacent the igniting means is apertured 
or provided with ports preferably on oppo 
site sides, one an intake port 11 and the 
low - or farther outward than the port 12 
it is provided with a second exhaust port 13 
ordinarily known as a terminal exhaust port, 

the inspiration, compression and firing 
strokes is cut off by the piston 3 while the 
at the proper periods by the wall of cylinder 
4 and the lower or inner end of the head 
2 over which the cylinder 1 reciprocates in 
sliding contact for lapping its apertured 
zone or port area with the head 2. On cyl 
inder 14 is formed an outlet connection 15 
for the exhaust port 12 and an intake con 
nection 16 for the intake port 11, the con 
nection 16 being arranged considerably be 
low the exhaust connection 15, and the inner 
end of the head 2 being provided with an 
exhaust passage 18 substantially opposite 
the exhaust, port or connection 15, so that 
when the cylinder 1 descends to connect the 
intake 11 with the intake connection or port 
16, the exhaust port 12 although being also 
below or uncovered by the head 2 at that 
time, is nevertheless closed at its outer end 
by cylinder 14. It is also seen that around 
the cylinder 1 where the two ports 11, 12 
ate situated, is disposed an annular element 
19 through which said ports are formed and 
in which, on both sides of said ports, are 
situated suitable piston rings 20 which fit 
closely against the cylinder 14, thereby con 
stituting port-controlling provisions or 
means external to or concentric with the explosion space and cylinder 1 coöperating 
directly with the inner face of fixed cylinder 
14 and moving in concert with cylinder 1 
and the piston for cutting off communica 
tion with the explosion space through the 
exhaust port of the fixed cylinder during the 
inspiration stroke, and through the intake 
port during the exhaust stroke (and by 
the expression “external to as employed 
herein with reference to the port-controlling 

3. provisions last referred to and the cylinder 
1, I wish to be understood as meaning port 
controlling means disposed without and not 
within the cavity of said cylinder.) When 
the inspiration outward stroke is finished, 
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cient distance to cover the inlet port 11, or 
to take it out of register with the fixed port 
16, but does not rise far enough to bring the 
exhaust port 12 into register with exhaust 
passage 18 and exhaust port or outlet 15 
until the charge thus sucked into cylinder 
1 has been compressed by the succeeding in 
ward stroke of the piston and has been ex 
ploded, and the second inward stroke of 
the four-stroke cycle, that is, the exhaust 
stroke, is commenced. 
Near the conclusion of the working or 

firing stroke, the piston uncovers terminal 
exhaust port 13, ill. the major portion 
of the exhaust to escape, and subsequently 
haust port 12 into communication with fixed 
exhaust port 15 and passage 18 so that the 
return movement of the piston will force 
the remaining smoke and products of com 
bustion out through passage 18 and ports, 
12, 15. If desired, this upward movement 
purpose of compressing a quantity of fresh 
air in a cylinder or chamber 21 formed in 
the upper end of cylinder 14 above the ele 
ment 19, which latter serves as a plunger 
or annular piston for crowding such air 
into chamber 21; and the air thus com 
pressed is admitted to cylinder 1 after the 
iston 3 has passed the main exhaust port 

13 on its return stroke. This admission of 
air to the interior of the explosion space or 
chamber may be accomplished in any suit 
able way. 
ber 21 is formed with a by-pass 22 so that 
when the intake port 11 reaches said by-pass 
the air compressed in chamber 21 will pass 
around the upper part of the element 19 
and enter the explosion chamber through a 
port or passage 23 formed in the head 21 
and preferably turned downwardly at its 
inner end so that the air current will descend 
into the cylinder 1 on one side until it strikes 
the piston 3, which will cause it to ascend on 
the other side toward the outlet passage 
18, thereby crowding the remaining smoke 
through the exhaust port 15 and clearing out 
of combustion that might have lingered in 
the explosion space above the limit of the 
travel of the piston 3. Chamber 21 is sup 
plied with air when cylinder 1 descends 

or example, one side of cham 

70 

75 

the cylinder 1 moves to place the other ex 

85 

of the cylinder 1 may also be utilized for the 
90 

95, 

100 

05 

lio 

even the small percentage of the products. 
115 

again through a small inlet port 24 which 
is opened and closed by the element 19. 
The piston 3 being at or about the limit 

of its return or exhaust stroke, and starting, 
or about to start, downwardly on its inspira: 
tion stroke, the cylinder 1 is again moved 
downwardly to bring the intake port 11 into 
register with the port or connection 16 and 
to close the ports or passages 15, 18, and the 
port 11 remains in register with the inlet 
connection or 

65 or about finished, the cylinder 1 rises a sufi stroke is completed, whereupon cylinder 1 SE 16 until the inspiration. 

120 

125 
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again rises to close inlet port 11 as before 
968,166. w 3. 

described: These movements of the cylin 
der 1 may be accomplished by a suitable 
operative connection with the piston, such 
as will be presently described. ... . 

Interposed between the telescoped ele 
ments 1, 2, is a port-controlling means in 
the form of a packing of sufficient single 
width to remain lapped with the apertured 
zone or port area of that one of the two 
elements 1, 2, in which the movable intake 

5 

fag. 

30 

35 

the explosion end thereof, during the com 

.. 

The cylinder 1, if desired, may be exposed 
throughout as much of its surface as possi 
ble, without leaving the ports 11, 12 un 
covered, when at the limit of its downward. 
stroke, and the surface of cylinder lily be to 
provided with radiating ribs or fig 27, 
adapted, if desired, to pass upwardly into 
the outer cylinder 14 as cylinder 1 rises, and 
to become exposed to the atmosphere when 
cylinder 1 descends, and by thus vibrating , 5 
in the open air, cause the heat to radiate port 11 and exhaust port. 12 are formed at from cylinder 1 more rapidly. 
In order that the main exhaust taking pression and explosion strokes, that is tork place through the exhaust port 13 may be say, substantially throughout one revolution 

of the crank shaft notwithstanding the fact 
that the element 1 moves contemporaneously 
with the piston. (ring such period. Conse 
quently the ports of the explosion space are 
tightly closed during these two ligh pres 
sure strokes and possibility of leakage is re 
duc's l to the minimum. To this end the 
lower end of the head 2 in its cylindrical 
age, where it covers the ports 11, 12, is pro 

vided with a packing 25 which may be con 
tinuous or sectional, as desired. The pres 
sure being always outward it is immaterial 
which way it is nuade. At Suitable intervals above the or passages 18, 23, the head 

C. is provide 
26 which prevent pressure from escaping 
over the upper end of cylinder around 
which the cylinder 14 is contracted, as 
shown at 14", for the purpose of obtaining 
the desired compressioi in the air, chamber 
21 by the upward movement of the element 
19. This element 19, however, as before 

40 

lentioned, performs in portant functions in 
the control of the fixed intake and exhaust 
ports 15, 16 at times when the explosion 
space within cylinder 1 is open, by reason 
of the ports 11, 12 thereof being out of lap 
with or uncovered by the port-controlling 

45 
portion of the head 2, which occurs when 
either of these two ports is below the head, 

conducted away, an exhaust connection 28 80 
may be employed. This connection 28 is 
provided with a valve seat 29 arranged close 
to the line of movement of a boss 30 in which 
the exhaust port 13 is formed, so that while - 
the port is in register with the connection 2S, 85 
the exhaust will not be allowed to escape ex 
cepting thirough said connection. In order 
that this connection 28 and the seat 29 may 
cover but the minimum amount of the sur 
face of the cylinder 1, so as not to interfere 90 
with the cooling of said cylinder, said con 
nection and waive seat are formed on or se 
cured to a ring 31 which surrounds cylinder 
1 and is supported by standards 6, 7, 8, the with one or more packing rings latter being formed with shoulders 32 upon 95 
which the ring 31 is held by nits 33. These 
standards also pass through and are secured 
to ears 10 on head 2, and thus serve as sup 
ports for cylinder 14. The base flange 9 is 
preferably formed with a guide collar 34 100 
which receives and steadies the lower end of 
cylinder 1 and forms in effect a continuation 
of cylinder 14 and makes an appropriate 
connection between cylinder 1 and crank 
case 35, in which latter the crank shaft is is lo5 journaled in any suitable way. 
The outer cylinder 14 of the engine thus 

described corresponds to what is the usual 
fixed cylinder in an ordinary explosion en 
gine, but for the sake of exposing the sides 110 and also when port 12 rises to the place of the inner cylinder 1 to the cooling action where the head is cut away to form the pas- of the atmosphere the outer cylinder 14 is sage 18, and at which time port 11 is in. 

register with port 23. When ports 11, 12 
are below the head, the element 19 inter 
cepts communication between the exhaust port 15 and the explosion space via the ex 
IN port 12 of cylinder 1, and when ports 
11, 12 are in register with ports 23, 1S re. 
spectively, said element 19 prevents the fire 
fro’ the explosion space reacling the in 
take port 16 via port 23, and also prevents 
the fire and burned gases fron, passing 
around cylinder 1 in chamber 21 and enter 
ing the intake port 16, the pistol rings 20 
being a valliable auxiliary to the attain 
ment of these desirable resilts. as will as 
making the element or annular pist on 19 

sufficiently tight to produce the retired air 
pressure in chamber 21. 

: 
w 

cut away near its lower end and supported 
by the standards 6, 7, 8 instead of being 
continuous with its base portion 34. 115 
Tie head 2, if desired, may be formed 

with a water space 36 which may be pro 
vided with inlet and outlet collection is 37, 
38, and the inner end of the he il may be 
nuade concave, as shown in Fig. 1 and 2. 120 
and through the upper end of this concavity 
may be introduced a suitpole igniter, here 
shown as a spark plug 39, whereby the ex 
plosive charge is ignited between the head 
and the piston. The head is formed with a 125 
recess 40 for receiving this plug, and the re 
cess is completely surrounded by the jivater 
space 36 for keeping the plug cool. 
A suitable mechanisin for operatively con 

necting the movable cylindrical element 1 130 
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with the piston 3 and imparting to said cy- “a”, so that the plain numbers on the gear 
lindrical element the before described move- represent the inspiration and compression 
ments will now be explained, it being under- strokes, and the numbers with the exponents, 
stood, however, that this is but an example the firing and the exhaust strokes. I will 

5 of an appropriate mechanical movement or 
mechanism for accomplishing said result. 
The cylinder 1 is connected to one end of 

a rod 41 by means of any suitable pivot 42 
and a lug 43 secured to the cylinder or 

10 formed thereon, and the other end of this 
rod 41 preferably passes into the crank case. 
35 and carries an eccentric strap 44 in which 
is ity's an eccentric 45 secured to one 
end of a pitman 46 whose other end is con 

15 nected by a wrist-pin 47 with a gear wheel 
48 journaled on shaft 49 in the crank case 
and deriving motion from a pinion 50 on the 
crank shaft 6, said gear and pinion being in 
the proportion of two to one since the engine 

20 is a four cycle type. The connection be 
tween the eccentric 45 and the pitman. 46 
may be accomplished in any suitable way. 
As shown in Fig., it is effected by Yi. 
ing the pitman with two branches 51 secured 

26 to the eccentric at one point by a transverse 
bolt 52 and at another point by a pivot pin 
53 so...that the rocking of the pitman 46 will 
also rock the eccentric in the strap 44 and 
willbause the rod 41 to rise and fall since 

89, the fivot 53 is eccentric to the eccentric, and 
in fact is the shaft of said eccentric, but the 
ends of this pivot or shaft 53 are rigidly se 
St. two slides 55 and these are mounted upon two guide-ways 56, 57 respec s.S.E connected together at one 
end by a cross-connection 58, and these guide 
ways 56, 5 are provided with trunnions 59, 
60, respectively, journaled in suitable stand 
ards 61, 62* rising from the bottom of the 
crank case 35, so that as the main gear wheel 
48 revolves, the eccentric will be rocked on 
its pivot 53 and also pulled back and forth 
bodily along the guide-ways. 56, 57, while 
these guide-ways are also oscillated in a ver 
tical direction by two cranks 61, 62, on a crank shaft 63 journaled in suitable bearing 
64 in the bottom of crank cass 35 and con 
nected by pinion.65 to the gear wheel 48, 
pinion 65 being of the same diameter as , 

by ion 50. The cranks (162 are connecte links. 66,67, respectively, with the guide 
ways 56,57so as to oscillate said guide-ways. 
with uniform pressure. - 

In Fig. 1 of the drawing the pinions.50, 
65 and the gear wheel 48 have been marked 
with numbers corresponding with the four 
quarters of a complete revolution of the 
crankshaft, the pinions which make one 
revolution to one revolution of the crank 
shaft being numbered to IV, and the gear 
wheel 48 which makes a half revolution to 
each complete revolution o the crankshaft 
is numbered throughout the first half I to 
V and throughout the second half with the 
same numbers, but each having the exponent 

auxiliary port 12, 

combustion. 

now describe the operation, having reference to 
to these numbers. 
Assuming the parts to be in the position 

shown in Figs. 1 and 2, which illustrate 
them in the firing or working stroke, when 
the crank reaches the limit of the firing 5 
stroke the gear 48 will have turned one. 
eighth of a turn, and the lower pinion 65 a 
quarter turn all in the direction of the arrows 
placed thereon respectively, and the lower 
main exhaust 13 will be uncovered, letting 80 
out the bulk of the exhaust while the cylin 
der 1 will be moved upwardly only a trifling 
distance by the combined upward move 
ments of the rod 46 and the guide-ways 56, 
57, thus allowing both upper ports 11 and 18 85 
to remain closed, but during the next quarter 
turn of the crank the guide-ways 56, 57 are . 
tilted upwardly to the opposite extreme of 
the position shown in Fig. 1, as is also the 
rod 46 which in addition to being. tilted. is so 
also pulled sharply to the left by passing 
through the next eighth of its travel, thus. 
causing the slides which carry the eccentric 
45 to ride up the steep incline of the guide 
ways and thereby open the upperexhagst or 95 

at is, bring it into reg 
ister with ports 15, 18, shortly after the 
iston starts its return or exhaust stroke. . . 
WE this upward movement of the cylinder 
1 is occurring, air is being compressed in .00. 
chamber 21, as before described, and when 
in-take passage 11 reaches by-pass 22, this 
compressed air rushes downwardly into the 
cylinder 1 through the passage 23 and cools. 
and clears out the remaining products of los 

The wrist-pin 47 in moving 
from the point III to the point PV pulls-the 
eccentric 45 farther outward along the guide 
way 56, 57, but the cylinder 1 is not thereby 
raised any appreciable extent because the lio 
uide-way and in fact the rod 46 also moves 
SE, while the eccentric is slightly 
raised or rocked on its pivot 53 and these 
movements neutralize each other to the. ex 
tent of holding the auxiliary exhaust pas- 115 
sage practically stationary until the piston 
againstarts down and the cranks 5 and 61 
and the wrist-pin pass points IV in their 
revolution. The wrist 47 in traveling 
through the first half of its most rapid de-120 
scent from. IV to I and crank 61 through 
the latter half of its most rapid descent or 

- from point IV to point I, while the eccen 
tric 45 is at the outer end of its travel on the 
guide 56, 57, naturally causes the cylinder 1 125 
to be pulled downwardly very rapidly and a 
great distance in a short space of time, 
closing the auxiliary exhaust passages 15, 18 
and bringing the intake port 1 opposite the 
in-take connection or port 16 where it re--lSQ. 

..i. 
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mains until points II on the pinions and II : 
on the gear are or are about to be reached 
when the piston will be at or about the limit of its inspiration stroke, but as the piston 

5 finishes its stroke and starts back the in-take 16 is closed by the ascending movement of the cylinder 1 taking place rapidly as a re 
sult of the crank 61 passing point II, lifting 
the guide-ways 56, 57 while the eccentric is 

10 near the outer end thereof and is itself 
rocked upwardly on its pivot 53 by the 
downward movement of rod 46 from point 
It to II. The in-take now being St. the 
piston compresses the charge while the wrist 

15 travels from point II to point IV and the 
crank 61 from point II to point IV, and con 
sequently during the compression stroke, the 
cylinder 1 revrains substantially at rest with 
the in-take closed because wrist 47 in passing 

20 from point II to point IV pushes the 
eccentric 45 to the center of the guide-way. 
that is, to a point opposite the trunnions 59 
where the upward oscillation of the guide 
way, due to the crank 61 moving from point 

25 II to point II, can have no effect. The working or firing stroke begins, approxi 
mately at point IV on the crank pinion 50 
and pinion 65 and at IV on the gear 48, and 
ceases at point. II. As the crank 61 moves 

30 from point IV to point II, it first lowers the 
guide-way 56, 57, and then raises it, but this 
motion has little or no effect on the cylinder 
1, because the wrist 47 during this period 
pushes the eccentric farther toward trun 

35 hion 59; which is the center of oscillation of 
guide 56 and consequently the in-take 11 and 
auxiliary exhaust remain closed until the 
point II is reached, the bulk of the exhaust having taken place as the piston passes the 

40 lower exhaust port 13. When the piston 
again starts up, or shortly thereafter, the 
cylinder. 1 is given a sharp upward move 
ment by the combined upward movement of 
the guide 56, 57, and the wrist 4 in passing 
from point II to point III, and the move 
ment of the eccentric 45 toward the left, up the 'steep incline of the guide-way, as before 
described, this connecting the exhaust port 
12 with thgauxiliary exhaust passage 15, 18. 9 From the tint III on the cycle is repeated as beforevexplained. 

IBy the described means, it will be seen 
that while the craink 5 is making substan 
tially one complete revolution during the 
compression and explosion strokes of the 
piston, the movable ports 11 and 12 of cyl 
inder 1 are held in lapped relation with the 
packing 25, and during the next revoltation, 
while the piston is making its exhaust and 
explosion strokes, that is, is moving in 
wardly to expel the exhaust through passage 
18 and port 12, and moving outwardly to 
draw in another, charge through "t 11, the 
fixed inlet and exhaust ports 15 and 16 are 
guarded by the poit-controlling means or - 

45 

55 

6) 

65 

provisions 19, 20 surrounding the cylinder 1, 
and engaging the inner face of cylinder 14." 
It will also be seen that the complete length 
of travel of the cylinder 1 is stibstantially 
the same as twice the throw of the crank 70 
or wrist pin 61, and which is substantially 
equal to the distance between the horizontal 
plane of passage 18 and the horizontal plane, 
of fixed inlet port. 16, since ports 11, 12 are - 
substantially opposite one another and the 75 
cylinder 1 travels from a position where 
port 11 is in register with port 16 to a posi 
tion where port 12 is in register with pas 
sage 18. The pinions 50, 65 being substan 
tially equal in diameter and the cranks 5 and 80 
(31 being of greatly different lengths, with 
the difference in favor of the crank 5, it 
follows that while these cranks make the 
sanne number of revolutions during each cy 
cle, the crank 61 travels a much less distance, 85 
and consequently at a much slower rate of . 
speed than the crank 5, and therefore, while 
the piston 3 is making a stroke twice the 
length of crank 5, the cylinder 1 does not 
nove at any time a greater distance than 
twice the throw of the crank 61, which is 
substantially equal to the distance between 
the two horizontal planes in which the pa 
sage 18 and port 16 are situated respectively. 

What I claim is: - 95. 
1. In an internal combustion engine, the combination of a working reciprocating pis . 

ton, a crank shaft connected thereto, a fixed cylinder coaxial with the piston and having . . . . 
intake and exhaust ports, two concentric cy- 100 
lindrical elements one of which surrounds. 
the other and one of which is movablé axi 
ally with relation to the other, said elements 
being coaxial with said fixed cylinder and . . ; 
surrounded thereby, the movable one of said 105 
elements encompassing the piston and a '.' 
space in which the piston reciprocates and 
having means for the admission of a charge 
of fluid to said space and the exhaust of 
gases therefrom, the said movable one of illo said elements having sliding coöperative re 
lation with the other for preventing the es 
cape of fluid from said space during the 
compression and firing strokes of the piston, 
means for firing the charge in said space i5 port-controlling means concentric with said 
movable element and with the inner face of the fixed cylinder and peripherally coöper 
ating therewith for controlling said intake 
and exhaust ports therein, and means op. 120 . cratively connecting the movable one of Said 
elements and said port - controlling means 
with the piston for reciprocating-them rela-. 
tively to the piston and to the fixed cylinder 

. 

and to the other one of said elements. 125 
2. In an internal combustion engine the combination of a working reciprocatirig pist 

ton, a crank shaft connected thereto, a fixed cylinder coaxial with the piston and having 
intake and exhaust ports, two concentric cy- 39 

  



10 

20. 

25. 

30. 

lindrical elements one of which surrounds 
the other and one of which is fixed against 
imovement and the other of which is mov 
able axially with relation to the first, said elements being coaxial with said fixed cylin 
der and surrounded thereby, the movable 
one of Said elements encompassing the pis 
ton and a space in which the piston recipro 
cates and having means for the admission of 
a charge of fluid to said space and the ex 
haust of gases therefrom, the said movable 
one of said elements having sliding coöpera 
tive relation with the other for preventing 
the escape of fluid from said space during 
the compression and firing strokes of the 
piston, means for firing a charge in said 
space between and against the piston and 
the fixed one of said elements, means con 
necting the movable one of said elements with the piston for moving it over the said 
fixed element to close the said space against 
the escape of fluid therefrona during the said 
compression and firing strokes of the pis 
ton and then imparting further movement 
opening said space during the next two 
strokes of the piston, and reciprocating port 
controlling means located around said mov. 
able element and cooperating with the inner 
face of the fixed cylinder and being also op 

- eratively connected with the piston for cut 

40 

45 

prising in combination a cylinder 
50 

55 

80 

ting of communication between said space 
and exhaust port during the second one of 
the two last said strokes of the piston. e 

3. An internal combustion engine having in combination a fixed cylinder provided 
with a port and a fixed head, means ar ranged within said cylinder for cointrolling 
the said port embodying a second cylinder 
telescoped therewith and movable with re lation thereto and having bearing against 
said head, a piston arranged in said second cylinder, and means operatively connecting 
the piston with said second cylinder for 
moving the latter with relation to the first cylinder and thereby controlling said port. 
4. Ari internal, combustion engine com 

w having 
inlet port and an exhaust port, a head over 
which said cylinder slides, adapted to cover 
and uncover said ports, a piston in said 
cylinder and means operatively connected 
with said piston for noving said cylinder 
with relation to said head. 

5. An internal combustion engine com 
prising in combination a cylinder having in 
let and exhaust ports, a head fixed with re 
lation to said cylinder and over which the 
cylinder slides, said head having inlet and 
exhaust ports adapted to register respec 
tively with said inlet and exhaust ports in 
the cylinder, a piston in said cylinder, and 
means operatively connected with said pis 

65 
4. 

ton for moving said cylinder with relation to said head. 

to it relatively to said fixed element f 

988,166 

9. An internal combustion engine corri prising in combination a movable cylinder 
having inlet and exhaust ports, a head fixed 
with relation to said cylinder and over which 
the latter slides, an outer cylinder inclosing 70. 
a part of said movable cylinder and having 
inlet and exhaust ports respectively, adapt 
ed to register with the first said inlet and 
exhaust ports, a piston in said movable 
cylinder, and means operatively connected 75 
with said piston for moving said movable 
cylinder with relation to said head and outer 
cylinder for covering and uncovering said 
inlet and exhaust ports. 

7. An internal combustion engine com- 80 prising in combination a cylinder provided 
with a port, a member telescoped with said 
cylinder for covering and uncovering said 
port, a piston in said cylinder, a crank con- . 
nected with said piston, an eccentric con- 85 
nected with said cylinder for moving it rela 
tively to said member, and means opera 
tively connected with said crank for impart 
ing to said eccentric, a rocking or rotating 
movement on its own axis and a bodily 90' curvilinear movement. '. 

8. An internal combustion engine com prising in combination a cylinder having a 
port and means for opening and closing said 
port, one of said parts being movable with 95 
relation to the other, an ecceitric connected 
with the movable one of said parts, a piston 
vin said cylinder, a crank conneéted with said piston, a pivoted guide-way on which said 
eccentric slides, means operatively connected OO 
with said crank for oscillating said pivoted 
guide-way, and means operatively connected 
with said crank for sliding said eccentric . 
on said guide-way and for imparting to said 
eccentric a partial rotation on its own axis. 105 

9. An internal combustion engine com 
prising in combination a cylinder having a 
port, a member for opening and closing said 
port, one of said parts being movable with 
relation to the other, an eccentric connected llo 
with the novable one of said parts, a piston. 
in said -cylinder, a crank connected to said 
piston, two pinions, one of which is con 
nected to said crank, and a gear wheel 
larger than said pinions connecting them to--li5 
gether, a pivoted guide-way on which said 
eccentric slides, a crank operatively con 
nected to the other one of said, piniois and 
to said guide-way, and a crink connected 
with said gear and to said eccentric. 

10. In a four-cycle internal combustion 
engine the combination of a fixed cylinder 
having fixed intake and exhaust ports, a re 
ciprocating piston coaxial with said cylin 
der, a crank shaft connected to the piston, 125 
means for respectively controlling said in 
take and exhaust ports during two strokes 
of the cycle and preventing fluid egress from 
the explosion space of the engine during 
the other two strokes, embodying a recipro- 130 

120 
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sating cylindrical element coaxial with said 
fixed cylinder and piston and surrounded by 
the former and surrounding the latter and also surrounding the explosion space of the 
engine and having means for the admission 
of the fluid charge thereto and the exhaust. 
controlling means external to the explosion 
space and engaging the inner face of the 
fixed cylinder, a head telescoped with said 
reciprocating cylindrical element, lineans 
operatively connecting the piston with the 
said reciprocating cylindrical element and 
reciprocating port-controlling means for 
moving said reciprocating port-controlling 
means to intercept communication between 
the explosion space and the said fixed ports 
alternately diring one revolution of the 
crankshaft and moving said cylindrical ele 
ment in cooperative relation with said head to close the explosion space against the 
escape of fluid therefron during both pis 
ton strokes of the next revolution of the 
crank shaft, and means for firing a charge in the explosion space. . 

11. In an internal combustion engine the 
combination of a fixed cylinder having in 
take and exhaust ports, a reciprocating cyl 
inder surrounded by said i. cylinder and 
surrounding the explosion space of the en 
gine and having means for fluid admission 
to and exhaust from the explosion space, 
port-controlling means, fixed against move 
ment and engaging said reciprocating cyl 
inder for controlling fluid escape therefrom a working piston reciprocating in and guided 
by said reciprocating cylinder with relation 
therefo, means operatively connecting the 
reciprocating cylinder with the piston for 
reciprocating the reciprocating cylinder dur 
ing two successive piston strokes with the 
said means for fluid admission to , and ex 
haust from the explosion space in lapped 
relation with said port-controlling means 
and out of apped relation therewit during 
the two succeeding strokes of the piston, and 
means for firing a clharge in the reciprocat 
ing cylinder during the second oie of the 
first two said piston strokes. 3. 

12. In an internal combustion engine the 
combination of a fixed cylinder provided 
with exhaust and inlet ports, a head fixed 
to said cylinder and projecting thereinto, 
and being spaced from the walls thereof, a 
second cylinder slidalble within the first said 
cylinder and telescoping with said head, a 
piston working within the second said cyl 

- ider, a crank to whicl said piston is co 
60 

65 

nected, and means' operatively connecting 
the second said cylinder with said crank for 
opening and closing the said ports. 

13. In an internal combustion engine, the 
contbination of a fixed cylinder having fixed 
intake and exhaust ports, a reciprocating cyl 
inder surrounded by said fixed cylinder and 

7 

surrounding the explosioli space of the en 
gine and having ports movable therewith 
for fluid admission to and exhaust from the 
explosion space, a cylindrical head fixed 
against novennent and engaging in said re 
ciprocating cylinder for controlling fluid es 
'ape there from the working piston recipro 
cating in said reciprocating cylinder with 
relation thereto, means operatively connect ing the reciprocating cylinder with the pis 
ton for reciprocating the reciprocating cyl 
inder during two successive piston strokes 
with the said ports thereof in lapped rela 

70 

tion with said head and out of lapped rela 
tion there with during the two succeeding 80 
strokes of the piston, and means for firing 
a charge in the recipricating cylinder dur 
ing the second one of the first two said pis 
ton strokes. 

14. In an internal combustion engine the 
combination of a cylinder having a port, a 
piston. a second cylinder telescoped with the 
first said cylinder and arranged concentric-, 
ally with said piston for controlling said 
port, a fixed head in the first said cylinder 
and with which head the second said cyl 
inder is telescoped and moves with reference 
thereto, packing rings interposed between 
said head and second cylinder, means for 
igniting a charge between the fixed head and 
the piston, a crank connected with the pis 

85 

90. 

95 

ton, and means operatively related to the 
piston for noving the second said cylinder 
simultaneously with the piston for control 
ling said port. . 

15. In an internal explosion engine, the . 
combination of a fixed cylinder having fixed 
intake and exhaust ports, an apertured re 
ciprocating cylinder encompassing the ex 
plosion space of the engine, telescoped in 
said fixed cylinder and adapted to place 

190 

105 

the fixed ports thereof into aid out of coun 
munication with the explosion space as the 
reciprocating cylinder moves, a crank shaft, 
a working piston connected thereto and en 
compassed by said reciprocating cylinder 
and reciprocating with relation thereto, 
means operatively connecting the piston with 
the reciprocating cylinder for moving the 
latter to place the explosion space into com 
riunication with the intake port of the fixed 
cylinder during the inspiration outward 
stroke of the piston and with said exhaust 
port during the third succeeding piston 
stroke, said fixed cylinder having a fixed 
member opposed to the piston at th end of 

10 

115 

20 

the reciprocating cylinder, and means for ex 
ploding the charge between and against said 
membel' and piston. 

16. In an internal explosion engine, the 125 
combination of a fixed cylinder having fixed 
intake and exhaust ports, an apertured re 
ciprocating cylinder encompassing the ex 
plosion space of the engine, telescoped in 
said fixed cylinder and adapted to place, the as 
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0. 

fixed ports thereof into and out of commu 
nication with the explosion space as the re ciprocatirig cylinder moves, a crank shaft, 
a working piston connected thereto and en 
compass 

with the reciprocating cylinder for moving 
it to place the explosion space into commu. 
nication - with the intake. port of the fixed cylinder during the inspiration outward 
stroke of the piston and with said exhaust 

s 

20 

25 

SO 

35. 

40. 

45 

50 

60 
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port during the third succeeding piston 
member opposed to the piston and encom 
passed by the reciprocating cylinder, and 
means for exploding a charge between and 
against said member and piston. 
1. In an internal combustion engine the 

combination of a fixed cylinder having in 
take and exhaust E. a reciprocating cyl 
inder surrounded by said fixed cylinder and 
surrounding the explosion space of the en 
gine and having ports in its sides adapted to 
move into and out E. Epig with the ports in the fixed cylinder for ad 
initting fluid to and exhausting, fluid from 
the explosion space, port-controlling means 
fixed against movement and engaging said reciprocating cylinder for preventing fluid 
escape through the ports thereof, a working 
piston, reciprocating coaxially with relation 
to said reciprocating cylinder and sur 
rounded thereby, means operatively con necting the reciprocating cylinder with the 
piston for reciprocating the reciprocating 
cylinder with the said ports thereof in 

stroke, said fixed cylinder having a fixed 

lapped relation with said port-controlling 
means during two successive piston strokes 
and out ofE. relation therewith duri the two succeeding strokes of the piston, an 
means for firing a charge in the explosion 
space during the secondone of the first two said piston strokes, 

i8. En an internal combustion engine the 
combination of a fixed cylinder having in 
take and exhaust E. EPE inder surrounded by said fixed cylinder and 
surrounding the explosion space of the en 
gine and having means for fluid admission 
to and exhaust from the explosion space in 
cluding an exhaust port movable therewith, 
port-controlling means internal to said re 
ciprocating cylinder and engaging there 
with for controlling said exhaust port 
thereof, a working piston reciprocating co 
axially with relation to said reciprocating 
cylinder and surrounded thereby, means op. eratively connecting the reciprocating cyl 
inder with the piston for reciprocating the 
reciprocating cylinder with the said exhaust 
port thereof in lapped relation with said 
port-controlling means during two succes 
sive piston strokes and out of lapped rela 
tion therewith during the two succeeding 

d by said reciprocating cylinder 
and reciprocating with relation thereto, 
means, operatively connecting the piston 

strokes of the piston, means for controlling 
the admission of fluid to the explosion space 
from said intake port of the fixed cylinder, 
and means for firing a charge in the E. 
sion space during the second one of the first 
two said piston strokes, 

19. A four-cycle internal combustion en 
gine having in combination a fixed cylinder 
provided with a closed end fixed with rela 
tion thereto, said cylinder having a port, 
means for controlling said port embodying 
a movable cylindrical element, a piston ar 
ranged concentrically with said movable cy 
lindrical element and opposed to the closed 
end of said fixed cylinder, means for firing a 
charge in the space between said fixed end 
of the cylinder and said piston, and means 
for moving the said port controlling means 
to cut of communication between the said 
space and the said port during one of the 
inward piston strokes and to place the said 
portin communication with said spacedur 
ing the next inward piston stroke of the same cycle. , 

20. In an internal combustion engine, the 
combination of a fixed cylinder having in 
take and exhaust ports, a reciprocating cyl 
inder surrounded by said fixed cylinder and 
surrounding the explosion space of the en 
gine. and having means for fluid admission 
to and exhaust from the explosion space in 
cluding an exhaust port movable therewith 
into and out of communication with the ex 
haust port of the fixed cylinder, port-con 
trolling means internal to said reciprocating 
cylinder and engaging therewith for con 
trolling fluid escape through the exhaust 
port thereof, a working piston reciprocating 
coaxially with relation to said reciprocating 
cylinder, means connecting the reciprocating 
cylinder with the piston for reciprocating 
the reciprocating cylinder with said exhaust 
port thereof in lapped relation to said port 
controlling means during two successive pis 
ton strokes and out of lapped relation there 
with during the two succeeding strokes of 
the piston, port-controlling means external 
to the explosion space and internal to said 
fixed cylinder and engaging the inner face thereof and movable contemporaneously 
with the said reciprocating cylinder for in 
tercepting communication between the ex 
plosion space and said intake and exhaust 
ports of the fixed cylinder alternately dur 
ing the second two said piston strokes, and means for firing a charge in the explosion 
space during one of the first two said piston 
strokes. . . . . . . 

21. In an internal combustion engine, the 
combination of a fixed cylinder having in 
take and exhaust ports, a reciprocating cyl 
inder surrounded by said fixed cylinder and 
surrounding the explosion space of the en 
gine and having means for fluid admission 
to and exhaust from the explosion space, a 
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said apertured area is out of lapped relation 
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scoped in said reciprocating cylinder, and en 
rom the explosion space, a working piston 

5 reciprocating coaxially with relation to said 
reciprocatifig cylinder and surrounded there 
by, means operatively connecting the recip 
rocating cylinder with the piston for recip 
rocating the reciprocating cylinder with the. 

io said means for fluid admission to and ex 
haust from the explosion space in lapped re 
lation to said head during, two successive piston strokes, and out of lapped relation 
therewith during the two succeeding strokes 

5 of the piston, and means for firing a charge 
in the explosion space during the second one 
of the first two said piston strokes. 
22. In an internal combustion engine the 

combination of a fixed cylinder having in 
20 take and exhaust ports, a crank shaft, a re 

ciprocating piston connected therewith, a re 
Sting cylinder surrounded by the fixed cylinder, and surrounding the explosion 

Spaee of the engine and containing and guid 
25ing the piston and in which the piston re 

ciprocates relatively thereto, a cylindrical 
"niember telescoped with said reciprocating 
cylinder and fixed against movement there 
with and with the piston, means for explod inga charge in said reciprocating cylinder 

* between arid against said member aid pis 
ton, the wall of said reciprocating cylinder 
being apertured for induction of the charge 
and discharge of the exhaust and the aper 

35 tired area thereof being adapted to move 
over and away from said member, means connecting the piston with said reciprocat 
ing cylinder for reciprocating the recipro 
eating cylinder with the said apertured area 

40 thiereof in lapped relation to said member 
' during two successive piston strokes, and 

means external to said reciprocating cylin 
der and reciprocable contemporaneously with 
the movement thereof for controlling fluid 

45 admission to the explosion space when the 

with the said member during one stroke of 
the piston, and controlling communication 
between the fixed exhaust port and explosion 

50 space during another stroke of the piston. 
:23. In an internal combustion engine the 

combination of a fixed cylinder surrounding 
the explosion space of the engine and having 
fixed intake and exhaust ports, a piston, a 

55 crank shaft connected thereto, means for fir 
ing a charge in said explosion space and 
means for respectively controlling fluid 
egress from the explosion space and com 
minication between the explosion space and 

60 said fixed ports embodying two cylindrical 
telescoped elements, one of which encom 
passes the explosion space and reciprocates. 
contemporaneously with the piston and with 
relation to the other of said elements, which 

gging Yi for controlling fluid escape fluid admission to and exhaust from the ex 
: 

fixed head containing a water space, tele- one of said elements having its wall aper 
tured throughout a portion of its area for 
plosion space and both of said elements be 
ing, concentric with said fixed cylinder, a to packing interposed between the contiguous 
faces of said elements and secured to one of 
them for covering the said apertured area 
of the other one during one inward stroke. 
of the piston and the succeeding outward is stroke, Said packing being substantially 
equal in width to the travel of said recipro- . 
cating element during the two said strokes 
of the piston, means connecting the piston 
with the said reciprocating element for mov- so 
ing it until said apertured area and packing 
are in overlapped relation substantially 
thri 'ghout the revolution of the crank shaft 
including said two piston strokes and out of 
such relation substantially throughout the st 
immediately preceding revolution of the 
crank shaft, the said means for controlling 
communication between the explosion space 
and fixed ports also including reciprocating. 
port-controlling means surrounding said re- 9p 
ciprocating element and connected with the piston. and having sliding cooperative rela 
tion with the inner face of said fixed cylin 
der for alternately cutting the said intake 
and exhaust ports off from communication 95. 
with the explosion space during the second 
said revolution of the crank shaft, 

24. In an internal combustion engine the 
combination of a piston, a crank shaft con 
nected thereto, a fixed cylinder having fixed 100 
intake and exhaust ports, a head fixed in 
said cylinder against movement with the pis 
toll, reciprocating port-controlling means 
embodying a cylindrical element surround 
ing the piston and telescoped with said head 105 
and Surrounded by said fixed cylinder and 
encompassing the explosion space of the en 
gine, said reciprocating port - controlling 
means having ports coöperating exteriorly 
with the fixed cylinder to open aid close 10 
communication between the explosion space 
and said fixed ports alternately during one 
revolution of the crank shaft, said cylin 
drical elements coöperating interiorly with 
the said head to close egress from the ex- 1.5 
plosion space during the next revolution of 
the crankshaft, and means for firing a charge in the explosion space during the lat 
ter said revolution. s 

25. In an internal combustion engine, the 220 
combination of a piston, a crank shaft con 
nected thereto, two cylindrical telescoped 
elements, one of which surrounds the ex 
plosion space of the engine and is opera 
tively connected with the piston and recip- 125 
rocates contemporaneously therewith with 
relation to the other element, and which lat 
er element is fixed against movement with 
the piston, one of said elevenis having 

68 latter element is fixed against movement, lineans for fluid admission to and exhaust 13. 
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from the explosion space, a packing inter- whereby the explosion 'space is opened and 55 
posed between the contiguous faces of said 
elements for covering said means and being 
equal in width to the travel of said recipro 
cating element during the compression and 
explosion stroke of the piston, means for 
Supplying and exhausting the charge and 
spent gases respectively coöperating with 
the first said means, and means for firing 
the charge in the explosion space. 
26. In an internal combustion engine, the combination of a fixed cylinder having fixed 

intake and R". ports, a reciprocating cylinder forning theside walls of the ex 
l,5 

20 

30 

40 

45 

the explosion - - - 

the iqtake port of the fixed cylinder, during 
the inspiration outward-stroke of the piston 
and with said fixed exhaust:port during the 

ing cylinder and adapted to. lap the first 
said ineans to prevent egress from the ex plosion space during the two piston-strokes 

explosion space e 

said fixed cylinder and surroundi 
plosion space of the engine and having 
means for fluid induction to and exhaust 
from the explosion space, said reciprocating 
cylinder being telescoped over said ES 

plosion, space of the engine and having 
means for fluid induction to and exhaust froin the explosion space and being sur 
rounded by said fixed cylinder and adapted 
to place the fixed ports thereof into and out of communication with the explosion space as the reciprocating cylinder moves, a 
crank, shaft, a working piston connected 
thereto and embraced by said reciprocating. 
cylinder and reciprocating directly therein 

25. with relation thereto, means operatively, connecting the piston with the reciprocating 
cylinder for E. g. the latter to place 

pace into communication with 

third succeeding piston stroke, said fixed 
cylinder having a fixed head opposed to the 
piston and filling the end of the reciprocat 

immediately succeeding said inspiration 
stroke, and means for exploding the charge 
between and against said head and piston. 
2.In an internal combustion engine, the: combination of a fixed cylinder having fixed 

intake and exhaust' ports, means for con 
trolling fluid ingress to and egress from the mibodying a cylindrical 
head fixed against movement with relation 
to the said fixed cylinder, and EE thereinto and spaced from the walls thereof, 
and a reciprocating cylinder Ed by 

the ex 

closed as the reciprocating cylinder moves, 
port-controlling means aroul said recipro 
cating cylinder engaging and coöperating 
with the inner face of the fixed cylinder for cofftrolling said fixed ports therein, a work 
ing piston reciprocating in said reciprocat 
ing cylinder with relation thereto, a crank 
shaft connected to said piston, means oper 
atively connected with the piston for mov 
ing the reciprocating cylinder and said port 
controlling means with relation to the said 
head ana fixed cylinder in concert with the 
movement of the piston for opening com 
munication between the explosion space and 
the said fixed intake port during an out 
ward piston stroke, then lapping said means 
rocating cylinder over the said head to close 
the explosion space during the two sucöeed 
ing-piston strokes, and finally opening com 
munication between the explosion space and 
said fixed exhaust port during the piston 

28. In an internal combustion engine, the 
combination, of a fixed cylinder having in 
take and exhaust ports, a cylindrical head 
of the walls thereof and forming an an 

for fluid induction and exhaust of the recip 

stroke immediately following said two sue 
ceeding strokes, and means for exploding a 
charge between said head and piston. 

nular space there with, two concentric cylin drical elements telescoped in said cylinder, 
over said head, around the explosion space 
(of the engine, reciprocably fitted in saidan 
nular space, the inner one of said elements 
having ports, adapted to communicate with 
the said intake and exhaust ports; and en 
gaging the exterior of said head for con 
trolling said ports therein, and the outer 
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80 

REE, into said cylinder and spaced . . 
85 

90 

one of said elements engaging the interior 95 
face of the fixed cylinder for controlling 
the said ports therein, a working piston re. 
ciprocating axially with relation to said 
elements and surrounded by the inner one thereof, speed reducing means positively 100 
connecting the piston with said elements for 
reciprocating them with relation to the said 
head and fixed cylinder, and means for fir ing a charge in the explosion space. 

CHARLES Y. KNIGHT. 
Witnesses:... . . 

FRANCIs A. HoPKINs, 
M.B.AL STADT. 

  


