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PATENT office. 
WALTER F. McCALLEN, OF INDEPENDENCE, MISSOURI, ASSIGNOR OF ONE-HALF TO 

ATIBROSE E. ELLIOTT, OF INDEPENDENCE, MISSOURI. - 

INTERNAL-COMBUSTION ENGINIE. 

Application filed March 3, 1922. Serial No. 540,739. 
To all ?????, if ??? ???cern): . 
Be it known that II, WALTER F. McCALLEN, 

a citizen of the United States, residing at 
Independence, in the county of Jackson and 

5 State of Missouri, have invented new and 
useful Improvements in Internal-Combus 
tion Engines, of which the following is a 
specification. - - - 

This invention relates to internal combus 
10 tion engines and proposes the construction of 

a multi-cylinder engine of the two cycle, 
pump compression type in which each ex 
plosion cylinder is provided with an indi 
vidual pump, the pistons of said explosion 

l5 cylinder and pump being mounted upon the 

20 of a valved transfer chamber between the 

same throw of the crank so as to travel to 
gether in the same phase of stroke. 
One of the objects of the invention is the 

provision in an engine of the class described, 
pump cylinder and explosion cylinder 
through which fuel is forced into the ex 
plosion cylinder by the piston of the pump 
cylinder on its compression stroke, and 

25 from which scavenging fuel is drawn into 

50 

said explosion cylinder, as needed, on the 
exhaust stroke of the latter due, to the rela tive sub-pressure in said explosion cylinder 
occasioned by the recession of the piston 
therein and the opening of the exhaust port 
near the end of the stroke. 
Another object of the invention is the 

provision of a two-cycle pump compression 
engine in which the clearance space within 
the explosion cylinder is greater in volume 
than the clearance space within the pump 
cylinder for the purpose of ensuring an ex 
cess pressure in the pump cylinder when the 
pistons in both said cylinders are at the top 
of their stroke, thus permitting the passage 
into said explosion cylinder of a full fuel 
charge compressed in the compression "cyl 
inder. - - 

Still another object of the invention is the 
provision of a multi-cylinder internal com 
bustion engine having a three throw crank 
shaft as in ordinary six cylinder engines, 
the cranks being spaced angularly 120° 

- apart, the cylinders being arranged in co 
operating pairs each comprising an explo 
sion cylinder and a fuel compression cylin 
der, the connecting rods for the pistons of 
each pair being secured to the same crank. 
A further object of the invention is the 

provision of a two-cycle pump compression 
engine comprising a cylinder block and a de 
tachable cylinder head therefor, the explo 

5 5 

sion cylinders and the pump cylinders in 
said cylinder block being undifferentiated 
from one another, and the structural fea 
tures which give to each class of cylinders its 

60 

distinctive function being carried solely by 
said cylinder head. - 
Another object of the invention is the 

provision of a six cylinder internal combus 
tion engine of the two cycle type having the 

65. 

same manner of explosion impulses per revo 
lution of the crank shaft as the ordinary 
four cycle six cylinder engine and therefore 
having the same smoothness of stroke, and 
which shall be free from the complication 
and noise of rocker arms or other crank 

70 

shaft actuated valve operating mechanism. 
With the above and other objects in view, 

my invention consists in the improved inter 
inal combustion engine illustrated in the ac 
companying drawings, described in the 

75 

following specification, and particularly 
claimed, and in such variations and modifi 
cations thereof as will be obvious to those 
skilled in the art to which my invention re 
lates. . . . . . . . . . 
In the drawings accompanying and form 

ing a part of this specification, and wherein 
the preferred embodiment of my invention. 
is illustrated: 

Figure 1 is a side elevation in cross section 

80 
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showing a six cylinder internal combustion 
engine embodying my invention. 

Figure 2 is a cross sectional view taken 
along the line 2-2 of Figure 1, through a 
compression cylinder, . . 

taken along the line 3-3 of Figure 1, 
through an explosion cylinder. 

Figure 4 is a plan view taken partly in 
cross section along the line 4-4 of Figure 1. 

Figure 5 is a detail plan view in cross 

90 

Figure 3 is a similar view to Figure 2, . 
95 

section taken along the line 5-5 of Figure 1. 
Referring in detail to the several figures 

the numeral 1 represents a water jacketed 
cylinder block bored out to form cylinders 
2 and 3. The bores for all six of the cylin 
ders in the cylinder block are alike, but the 
alternate cylinders beginning on the left 
hand side of Figure 1 and designated by the 
numeral 2 are explosion cylinders while the 
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remaining cylinders 3, function as mixture 
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compression pumps. The cylinder block 1 
is outwardly flanged along its lower periph 
eral edge as shown at 4 and is bolted to the 
crank case 5 by means of the bolts 6. The 
crankcase is bored with circular openings 
which register with the cylinder bores and is 
provided with a three-throw crank shaft 8 
having the cranks 9 which are arranged 120° 
apart as in the ordinary six cylinder con 

Within each of the cylinders re struction. - 

ciprocates a piston 10, all of said pistons be 
ing identigal in size and weight, so as to give 
perfect balance to the engine. The pistons 
are furnished with the usual connecting rods 
11, provided with the divided bearings 12 
which encircle the crank shaft and are Se 
cured rotatably thereto. The connecting 
rods of each pair of cylinders 2 and 3 are in 
operative engagement with one crank of the 
crank shaft so that the pistons reciprocate 
together. 

Each of the cylinders is provided at a 
point just above the position occupied by the 
piston at the lower end of its stroke with a 
port, the ports 13 for the explosion cylin 
ders 2 being on the right hand side of the 
cylinder block as shown in Figure 3 and the 
ports 13' for the pump cylinders 3 being on 
the left hand side, as shown in Figure 2. 
The three ports serving the pump cylinders 
are intake ports and are in communication 
with the intake manifold 14 which leads 
from the carbureter indicated at 15 in Fig 
ure 4. The three ports belonging to the ex 
plosion cylinders 2 communicate with the 
exhaust manifold 16, shown in Figure 4, 
said exhaust manifold being made larger 
than the intake manifold, as is customary in 
the art, to ensure a capacity for carrying 
away the expanded products of combustion. 

It will be observed that the construction 
of the cylinder block and crank case as 
above described is, with the possible excep 
tion of the location of the ports, more or less 
standard, the six cylinders being all of the 
same bore, and cylindrical throughout, mak 
ing the cylinder block a simple casting 
which may be readily and cheaply manufac 
tured. The construction which distin 
guishes my engine from existing types of en 
gines, and which results in what I believe 
to be an entirely novel principle of opera 
tion, is carried solely by the cylinder head 
17 which is an integral water jacketed cast 
ing having the lower surface thereof ma 
chined as at 18 in order to fit closely a cor 
respondingly machined upper surface of the 
cylinder block. The casting 17 is cored out 
over each of the compression cylinders 3 to 
form a transfer chamber 19, separated from 
the compression space of said compression 
cylinder by a flat partition Wall 20. This 
wall is provided with an upwardly beveled 
valve aperture 21 with which the poppet 
valve 22 cooperates. The stem 23 of the 
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poppet valve 22 extends, through a hollow 
sleeve 24 made integral with a plug 25 which 
threadedly engages an aperture 26 in the up 
per wall of the cylinder head casting. A 
spiral spring 27 surrounds the valve stem 
and abuts at its respective ends against the 
valve 22 and plug 25, holding the valve nor 
mally closed when the piston 10 is on its 
downward stroke, but yielding to the com 
pression within the compression cylinder on 

70 
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the upward stroke of the piston thereof, per- . 
mitting the filling of said transfer chamber 
with compressed mixture. A dusta cap 28 
screws upon the outer wall of a threaded 
boss 29 which forms an outer extension of 
the sleeve 24, and provides means for the ex 
clusion of dust or other foreign matter to 
the exposed end of the valve stem 23. The 
tension of the spring 27 determines the com 
pression pressure within the cylinder 3 at 
which the valve 22 will open, and there is a 
Small clearance space between the under sur 
face of the flat wall 20, in which the mixture 
is compressed until the degree of pressure is 
reached at which said valve will be opened. 
That portion of the cylinder head casting 

which lies above the explosion cylinder is re 
cessed as at 30, and more deeply recessed at 
31, forming a clearance space for said explo 
sion cylinder, which is additional to the 
clearance space formed between the upper 
face of the piston and the plane of separa 
tion between the cylinder head and cylinder 
block when the piston is in its highest po 
sition. The object of having this additional 
clearance space will presently be explained. 
A downwardly beveled valve aperture 32 

is provided in that part of the wall of the 
cylinder head casting which overlies each of 
the explosion chambers, said aperture being 
normally closed by a valve.33 having a stem 
34 which passes upwardly through a hollow 
boss 35 and extends beyond the upper wall 
of said cylinder head casting. The extend 
ing portion of said valve stem is surrounded 
by a spiral Spring 36 held in compression be 
tween the outer face of the hollow boss 35 
and a collar 37 which is fastened to the outer 
end of said valve stem by means of a pin 38. 
A hollow dust cap 39 fits over the exposed 

portion of said valve stem and spring and 
threadedly engages the hollow boss 35. The 
valves which control the compression cylin 
ders are preferably located in the median 
longitudinal line of said cylinder block as 
shown in Figure 2 but are preferably set to 
that side of the compression cylinder which 
lies adjacent the explosion cylinder which 
is served by said compression cylinder. The 
valves which control the inlet to the explo-. 
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sion cylinders are placed to one side of the 
longitudinal median line of the cylinder 
block in order to make room for the spark 
plug apertures 40, in which are inserted the 
spark plugs 41. 30 
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In the operation of my improved internal 
combustion engine, and referring particu 
larly to a single pair of cylinders, the pis 
tons in both the compression and explosion 
cylinders descend together opening the in 
take port of the compression cylinder and 
the exhaust port of the explosion cylinder. 
The valve 22 will remain closed during the 
descent of the piston 13 creating a high de 
gree of vacuum in the compression cylinder 
so that when the intake port is put into 
communication with said cylinder a large 
volume of mixture will be drawn thereinto. 
On the compression stroke, this charge will 
be passed into the transfer chamber by forc 
ing open the valve 22. It will be presumed 
that this is the initial stroke of the engine 
and that the transfer chamber has previously 
been empty. Very little of the compressed 
charge will therefore pass by the valve 33 
into the explosion chamber. On the second 
downward stroke of the pump piston an ad 
ditional charge of mixture will be taken into the compression cylinder, compressed upon 
the upper stroke of said piston and forced 
through the valve 22 into the transfer cham 
ber which is already filled with the charge 
forced into it by the first stroke of said 
iston. In the meantime the piston in the 

explosion cylinder 2 will have descended, 
opening the exhaust port and will have re 
turned to the upper end of its stroke Com 
pressing whatever gas or air that it may 
contain into the clearance space represented 
by the depressions 30 and 31 and the clear 
ance between the top of the piston and cyl 
inder head. Since the clearance space in 
the explosion cylinder is greater than that 
in the compression cylinder, the gas com 
pressed in the former cylinder is at a lower 
pressure than the mixture in said transfer 
chamber. Consequently there will be a flow 
of highly compressed mixture past the valve 
33 into the clearance space of the explosion 
cylinder on the upstroke of both pistons, 
continuing until the pistons reach the up 
ward limit of their stroke. The ignition of 
the mixture then takes place and the pistons. 
descend. But as the piston 10 of the explo 
sion cylinder travels downward the pressure 
within said cylinder gradually becomes re 
duced below the pressure of the body of mix 
ture remaining in the transfer chamber So 
that the valve 33 again opens after the ex 
plosion and admits a scavenging flow of gas 
which follows the exhaust products of com 
bustion down to the end of the explosion 
stroke. On the upward return of the piston 
10 in the explosion cylinder, said gas will be 
compressed to form the initial part of the 
next firing charge. The pressure within the 
transfer chamber having been brought up to 
its original value by the new charge com 
pressed within the compression cylinder, it 

is forced through the valve 22, to become 
the final part of the firing charge which is 

: ? 
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then exploded at the beginning of the next 
downward stroke of the piston. 
In a six cylinder engine. constructed ac- . . 

70 cording to my invention all the advantages 
in the smoothness of torque of the ordinary 
six cylinder four cycle internal combustion 
engine are realized because there are three 
explosions to each revolution of the crank 
shaft, Moreover, the present construction embodies an engine of much simpler design 
than the present type of four cycle engine 
since no rocker arms or other crank shaft 
actuated valve operating mechanism are re 
quired. The novel feature of operation by 
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80 
which scavenging mixture is supplied to the 
cylinder only in such quantity as is permit 
ted by the gradual drop in pressure of the 
exploded charge in the explosion mixture : 
is an advance in economy over constructions 
in which the charge is forcibly blown into the cylinder, part of which usually escapes 

85 

through the exhaust port except at a single 
“efficient” speed of the engine, and finally, 
the design of an engine in which all of the 90 
Operating elements except the provision of 
the cylinder ports are carried in the head, 
adapts the application of the invention to 
existing forms of internal combustion en 
gine by merely substituting a new cylinder 
head therefor and performing the single 
mechanical operation of cutting the ports in 
the cylinder block. . 

it will be understood that various changes 
may be made in the form and relation of 

95 

00 
parts to suit different requirements of use, 
and that the invention, therefore, is not lim 

Having described my invention what I 
claim as new and 
Patent, is:- 

1. In a two cycle internal combustion en 
desire to secure by Letters 

gine, an explosion cylinder having an ex 
haust port adjacent its lower end, a piston. 10 
within said cylinder adapted to control said 
exhaust port, means for admitting an ex 
plosive charge to said cylinder on the up 
stroke of said piston and means for admit 
ting a scavenging charge of mixture on the 
downward stroke of said piston subsequent 
to the explosion of said explosive charge. 

2. In a two cycle internal combustion en 
gine, an explosion cylinder having an ex 
haust port in its lower end, a piston within 
said cylinder adapted to control said ex 
haust port, means for admitting an explo 
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sive charge to said cylinder on the up stroke 
of said piston, and means for admitting a 
scavenging charge of mixture to said cylin 
der on the down stroke of said piston subse 
quent to explosion of said explosive charge, 
said admission means being responsive to 

125 
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drop in pressure in said cylinder due to re 
cession of the piston and opening of said ex 
haust port. - 

3. An internal combustion engine com 
prising a cylinder block, including an ex 
plosion cylinder and a compression cylinder, 
a crank shaft having a crank, pistons in said 
cylinders connected to said crank and oper 
ating within their respective cylinders in the 
same phase, and a transfer chamber coin municating with said cylinders having inlet 
and outlet valves opening toward said explo 
sion cylinder. : : ? 

4. An internal combustion engine coln 
prising a cylinder block, including an ex 
plosion cylinder and a compression cylinder, 
a crank shaft having a crank, pistons in said 
cylinders connected to said crank and oper 
ating in their respective cylinders in the 
same phase, and a transfer chamber con 
municating with said cylinders having pres 
sure actuated inlet and outlet valves open 
ing toward said explosion cylinder. 

5. An internal combustion engine compris 
ing a cylinder block including an explosion 
cylinder and a compression cylinder of equal 
diameters, a crankshaft having a crank, pis 
tons in said cylinders connected to said 
crank, said pistons operating within their 
respective cylinders in the same phase and 
having equal limits of travel in said cylin 
ders, a transfer chamber communicating 
with said cylinders having pressure actuated 
inlet and outlet valves opening toward said 
explosion chamber, the latter being provided 
with a larger clearance space than the con 
pression cylinder. 

6. An internal combustion engine com 
prising a cylinder block including an ex 
plosion cylinder and a compression cylinder 
of equal diameter, a crank shaft having a 
crank, pistons in said cylinders connected to 
said crank, said pistons having equal limits 
of travel in said cylinders, a transfer chann 
ber within said cylinders having pressure 
actuated inlet and outlet valves opening 
toward said explosion chamber, the latter 
being provided with a larger clearance space 
than the compression cylinder, and inlet and 
outlet ports adjacent the inner limits of 
travel of the pistons of the compression cyl 
inder and explosion cylinder respectively. 

7. An internal combustion engine com 
prising a cylinder block including six cylin 
ders, a crank shaft mounted in operative re 
lation to said cylinder block, said crank 
shaft being provided with three cranks set 
angularly 120 apart, pistons for said cylin 
ders, a pair of said pistons being secured to 
each crank, one cylinder of each pair being 
an explosion cylinder and the other a com 
pression cylinder, a transfer chamber for 
each pair of cylinders, and inlet and outlet 
valves for said transfer chamber affording 
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the communication between said cylinders ????????? opening toward said explosion cylin 
C0Iº, . . . - - - - . . . . 

8. A multi-cylinder two cycle internal 

65 

combustion engine comprising a cylinder 
block provided with a plurality of cylinder 
bores, a cylinder head for said cylinder block 
constructed with upper and lower walls de 
fining between them a mixture transfer 
chamber the lower wali having a flat por 
tion closing the top of one of a pair of ad 
jacent cylinder bores and a recessed portion 
closing the other of said pair, valves carried 
by said cylinder head and controlling com 

75 

munication between said cylinder bores and 
the transfer chamber, one of said valves 
opening toward said transfer chamber 
through the flat portion of said lower wall, 
the other of said valves opening outwardly 

80 

from said transfer chamber through the re 
cessed portion of said wall and a spark plug 
carried by the head and extending through 
said recessed portion. 

85 

9. A multi-cylinder two cycle internal 
combustion engine comprising a cylinder 
block provided with a plurality of cylinder 90 
bores, a cylinder head for said cylinder 
block constructed with upper and lower 
walls defining between them a mixture trans 
fer chamber the lower wall having a flat 
portion closing the top of one of a pair of 
adjacent cylinder bores and a recessed por 
tion closing the other of said pair, pressure 
controlled valves carried by said cylinder 
head and controlling communication be 
tween said cylinder bores and the transfer 
chamber, one of Said valves opening to 
ward said transfer chamber through the flat 
portion of said lower wall, the other of said 
valves opening outwardly from said transfer 
chamber through the recessed portion of said 
wall and a spark plug carried by the head 
and extending through said recessed portion. 

10. A multi-cylinder two cycle internal 
combustion engine comprising a cylinder 
block provided with a plurality of cylinder 
bores of uniform diameter and cylindrical 
throughout, pistons for said cylinder bores, 
said bores being provided with ports ad 

95 
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jacent the lower limit of travel of said pis 
tons, a cylinder head for said cylinder block 
constructed with upper and lower walls 

15 

defining between them a mixture transfer 
chamber the lower wall having a flat portion 
closing the top of one of a pair of adjacent 
cylinder bores and a recessed portion closing 
the other of said pair, valves carried by 
said cylinder head and controlling com 
munication between said cylinderbores and 
the transfer chamber, one of said valves 
opening toward said transfer chamber 
through the flat portion of said lower wall, 
the other of said valves opening outwardly 
from said transfer chamber through the 
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recessed portion of said wall and a spark 
plug carried by the head and extending. 
through said recessed portion. ?. 

11. A multi-cylinder two cycle internal 
combustion engine comprising a cylinder 
block provided with a plurality of cylinder 
bores of uniform diameter and cylindrical 
throughout, pistons for said cylinder bores, 
said bores being provided with ports ad 
jacent the limit of travel of said pistons, the 
ports of alternate cylinders opening later 
ally on opposite sides of Said cylinder block, 
a cylinder head for said cylinder block con 
structed with upper and lower walls defining 
between them a mixture transfer chamber 
the lower wall having a flat portion closing 
the top of one of a pair of adjacent cylinder 
bores and a recessed portion closing the 
other of said pair, pressure controlled valves 
carried by said cylinder head and controlling 
communication between said cylinder bores 
and the transfer chamber, one of said valves 
opening toward said transfer chamber 
through the flat portion of said lower wall, 
the other of said valves opening outwardly 
from said transfer chamber through the 
recessed portion of said wall and a spark 
plug carried by the head and extending 
through said recessed portion constituting 
the cylinder with which it communicates an explosion cylinder, the other cylinder being 
a compiression cylinder, an exhaust manifold 
connected to the ports of said explosion 
cylinders and an intake manifold communi 
cating with the ports of the compression cylinders. 

12. An internal combustion engine com - prising a compression and an explosion s? 
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cylinder lying side-by-side in parallelism, a 
transfer chamber forming communication 
between said cylinders, a crank-shaft, a 
piston in each cylinder and piston rods con 
necting both of said pistons with the same 
crank of said crank-shaft, means controlling 
the flow of gas to and from said chamber, 
the arrangement of the means and the ca 
pacity of said cylinders being such that there 
will be a flow of gas from the compression 
chamber to the transfer chamber and from 
the transfer chamber to the explosion cham 
ber during a portion of the compression stroke of the pistons. 

13. In an internal combustion engine, a compression and an explosion cylinder, 
pistons operating in said cylinders, a trans 
fer chamber forming communication be 
tween said cylinders, a valve automatically 
operated to permit the passage of gas from 
the compression cylinder to the transfer 
chamber during the compression stroke of 
the piston in the compression chamber, a 
valve automatically operated to permit pass 
age of gas from the compression chamber to 
the explosion cylinder toward the end of 

the expansion stroke of the piston in the explosion 35 
chamber, said valves being adapted to be operated under influence of 

pressure in the compression cylinder and 
transfer chamber respectively. . . . . . . 

14. In an internal combustion engine a 
compression and explosion cylinder, a trans 
fer chamber having passages forming com 
munication with said cylinders, pistons 
adapted to operate in said cylinders so as 
always to be in the same phase, valves be 
tween said chamber and each cylinder oper 
able under pressure of gas in the compres 
Sion cylinder and transfer chamber respec 
tively for opening the respective valves one 
upon the compression stroke and the other 
toward the end of the expansion stroke of Said pistons. 

15. In an internal combustion engine, a 
compression and explosion chamber lying 
side-by-side in parallelism to each other, 
pistons adapted to operate in said cylinders 
So as to always be in the same phase, a trans 
fer chamber adapted to be brought into 
communication with said cylinders, means 
Operable by pressure in the compression 
cylinder and transfer chamber respectively 
for forming said communications, the pro 
portional capacity of Said cylinders and 
chamber being such that there will be a flow 
of gas from the compression cylinder to the 
transfer chamber during the compression 
stroke of the pistons and from the transfer 
chamber to the explosion chamber during 
the expansion stroke and a portion of the 
compression stroke. 

16. In an internal combustion engine, a compression cylinder and an explosion 
cylinder, pistons operable in both cylinders 
With uniformity of phase, a transfer cham 
ber forming communication between said 
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05 cylinders, valves controlling the flow of gas 
from said compression cylinder to the trans 
fer chamber and from the transfer chamber 
to the explosion chamber, the capacity of 
Said cylinders and chamber and the arrange 
ment of the valves being such that there will 
be a transfer of gas from the compression 
cylinder to the chamber upon the compres 
sion stroke of said pistons, a transfer of a 
Scavenging charge of gas from the chamber 
to the explosion chamber during the expan 
sion stroke and a further charge during the 
compression stroke. - 

17. In an internal combustion engine, a 
compression cylinder and an explosion 
cylinder, pistons operable in both cylinders 
so as to always be in the same phase, a trans 
fer chamber forming communication be 
tween said cylinders, valves controlling the 
flow of gas from said compression cylinder 
to the transfer chamber and from the trans 
fer chamber to the explosion chamber, the 
capacity of said cylinders and chamber and 

0 

15 

20 

25 



es 1,478,486 
the arrangement of the valves being such my hand in presence of two subscribing 
that there will be a transfer of gas from the witnesses. 
compression cylinder to the chamber, and l from the ??{{fi????????? chamber to the explosion WALTER F. McCALLEN. 

5 cylinder during the simultaneous stroke of Witnesses: - 
said pistons. - E. H. ELY, 
In testimony whereof I have hereunto set G. W. EASTwoOD. 


