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14'Claims. 

This invention‘ relates to internal combustion 
engines, with particular reference to the use of 

- low grade fuel, cold mixtures or very lean mix 
tures. Its primary object is to insure positive 

5 ignition and proper timing in an engine of this 
type under all conditions of speed and load. 

In designing engines for the use of low grade 
fuel, lean mixtures or cold charges, it is difficult 
to secure satisfactory ignition, especially when 

10 the engine is being started or is not working 
under full load or full compression. This is be 
cause a cold charge, low grade fuel, or lean mix 
ture is difficult to ignite. Even though it does 

_ ignite, the burning will not be complete and it 
1° will be slow, resulting in loss of power. The 

spark plugs will also become fouled and cause 
the engine to miss. " ' ‘ 

In‘the present invention, a comparatively small 
quantity of easily ignited fuel mixture is caused 

20 to envelope the spark plug gap. The intensive 
heat of the explosion of the easily ignited fuel 
is much hotter than could possibly be obtained 
from electric ignition. Consequently the low 
grade fuel, lean mixture or cold charge will be 

25 readily ignited, which eliminates slow burning, 
incompleteness of burning, fouling of spark plugs 
and loss in power. With this principle of igni 
tion, the engine is much more ?exible; that is, 
the lowering of the compression, which is the 

30 result of closing the throttle, will not cause poor 
combustion or failure of ignition. 
‘The invention .will be more particularly de 

scribed in connection with the accompanying 
drawings, in which, 

35 Fig. 1 is a vertical transverse sectional view of 
the invention taken centrally of one of the power 
units and centrally of the intake ports, at ap 
proximately the beginning of the intake stroke. 

Fig. 2 is a similar view, showing a slightly modi 
40 ?ed form of the invention, after the intake stroke 

is partially'completed. ' ' 

As shown in the drawings, the engine to which' 
the invention pertains comprises a crank case 5, 
within which a crank shaft 6 is mounted. Each 

45 power unit comprises two pistons ‘I and 8, which 
are reciprocable within the cylinders 9 and Ill. 
The cylinder I I] is preferably larger than the 
cylinder 9. The engine may have any desired 
number of power units corresponding to the num 

50 her of cylinders in a conventional engine, but 
since these units are all alike, it has been deemed 
necessary to illustrate only one...' 
The larger piston 8 has a connecting rod ll 

formed with a bearing member l2 on the crank 
v55 pin l3 of the shaft 6. This bearing member has 

(Cl. 123—143) 
a cap l4‘ secured by bolts or the like. The smaller 
piston 'I has a connecting rod l5 connected to a 
pin l6 mounted in an extension I‘! of the bearing 
member l2. 

) vThe cylinder 9 has a fuel inlet port l8 and a I 5 
port l9 connecting it to the cylinder Ill. These 
ports are shown in Fig. 1 as closed by a sleeve 
valve 29 which encircles the piston 1 within the 
cylinder 9. They are adapted to be alternately 
opened, however, as the sleeve valve is moved to 10 
bring the ports 2| and 22 in the valve successively 
into registry with the respective ports I8 and I9. 
The cylinder l D has a fuel inlet port 23 ‘controlled 
by a valve 24, which is adapted to be opened by 
a cam 25 on a cam shaft 26. It is deemed unnec- 15 
essary to show the exhaust port or exhaust valve 
in the cylinder l9, since they are of conventional 
construction and do not constitute parts of the 
invention. 
Highly combustible fuel mixture is supplied to 

the port- l8 from a carburetor 21 and a low grade 
fuel mixture, lean mixture or cold charge is sup 
plied to the port'23 bya carburetor 28. The 
throttle valves 29 and 30, controlling the two 
sources of fuel mixture, are connected by a rod 25 
3|, so that they open simultaneously. The valves 
29 and 39, and the ports l8 and 23, are so'regu 
lated that the amount of fuel mixture supplied 
to the two cylindersis at all times substantially 
proportional to the capacitiesof the respective 3o 
cylindersr The length of the rod 3i, however, 
may be so determined that the-valve 29 will be 
open enough for idling when the valve 30 is com 
pletely closed. It is understood that a hot spot 
38 adjacent the port it may be used to make 35 
the mixture in the smaller cylinder more easily 
ignited. 

It will be noted that the crank pin l3 moves 
in a circular pathwhile the pin It moves in an 
elliptical path indicated by the dotted line a. 
The‘esmaller piston 1 ‘always leads the larger pis 
ton 8. In Fig. 1, these pistons are both approxi 
mately in upper dead center position and about 
to begin the intake or suction stroke. In Fig. 2, 
the- intake stroke is partially completed. In the 
>meantime, the eccentric 32 on the shaft 33, which 
rotates at half the speed of the crank shaft 6, 
has actuated the sleeve valve 29, through the 
medium of the connecting rod 34, to uncover the 
intake port I8. The cam 25 on the shaft 26, 50 
which also rotates at half the speed of the crank, 
shaft 6, has opened the valve 24. 
At or near the beginning of the compression 

stroke, the valve 24 and the port It are closed 
and the port I9 is uncovered. This condition ob- 55 
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tains substantially throughout the compression, 
power and exhaust strokes. There will be prac 
tically no flow of gases through the port l9 dur 
ing the compression stroke, because the two cyl 
inders have been ?lled, each with its own fuel 
mixture, at substantially the same pressure and 
in volume proportional to the capacities of the 
cylinders. ' 

The highly combustible or heated mixture in 
the cylinder 9 is easily ignited by a spark plug 
35 and the ignition is timed in the usual manner, 
so that the spark occurs when the piston ‘l is 
nearly in its uppermost position. Burning gases 
resulting from the explosion in the cylinder 9 
then surge through the port 59 and ignite the 
low grade mixture in the cylinder it. Thus, there 
is a two-stage ignition and the slight time inter‘ 
val between the two stages approximates the lead 

‘ of the piston I over the piston 8, ‘so that a proper , 
timing of the spark controls the ignition in both 
cylinders to obtain the greatest e?iciency from 
its two stages. 
In the modi?cation shown in Fig. 2, the'car 

buretor 28 of Fig. 1 is omitted and air alone is 
taken in through the port .23. The plug 36 of 
Fig. 1 is removed and an ‘injector 31 is substi 
tuted. After the cylinder I0 is ?lled with air, low 
grade fuel oil is injected, and the'amountof each 
charge may be regulated and timed according to 
the speed or power desired. If I desire, I can use 
the injector 31 so that it discharges into the port 
30 directly into the air stream during the suc 
tion stroke of the engine. v ‘ 

The advantages resulting from my improved 
construction and method of operation, as above 
described, are that low grade fuel or cold charges 
maybe used and can be ignited successfully with 
out excessively ‘high compression. At the same 
time, smooth operation and the utmost ?exibility 
are possible. Complete combustion is also as 
sured. I am aware that other inventors have had 
these objects in view, but their constructions have 
‘in every instance lacked the essential combina 
tion necessary to achieve the desired result. 

It will be noted that, in my constructiom'the 
smaller piston leads the larger one and the port 

- between the two cylinders is open at all times 

50 
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except during the intake or suction stroke. There 
is no di?erence in compression between the two 
cylinders, so that there is practically no, ?ow of 
mixture between them until after the spark oc- 
curs.- The two-stage ignition, which is controlled 
entirely by the usual spark timer, corresponds 
to the timing of the respective pistons and thus 
makes ideal timing possible in both cylinders 

- without depending upon the operation of the valve 
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between them. The single sleeve valve performs 
two functions, one being to control the admission 
of fuel to the smaller cylinder and theother to 
close communication between the two cylinders 
during the intake stroke only, for the purpose of 
isolating the two different fuels used during the 
intake stroke. , _ .. ' 

While I have described the-larger cylinder as 
receiving low gradefuel, it‘ may if desired be 
valtematively supplied with air or a very lean 
mixture, such as could not be ignited by the usual 
method. It is also to be understood that the in 
vention embraces othei' modifications which are 
included within the scope of the appended claims. 

I claim: r ' '- ) 

1. A- four-cycle lntemal combustion .engine 
‘ comprising two cylinders with a port connecting 

1.5 
their upper ends, pistons reciprocable in the re 
spective cylinders, means for supplying a highly 

aoeiaaio 
combustible mixture to onecylinder and other 
[gaseous fluid to the other cylinder in volumes 
proportional to the .capacities of the cylinders, 
and means for closing said port during the suc 
tion stroke, leaving it open during the compres 
sion, power and exhaust strokes. 

‘2. A four-cycle internal combustion engine 
comprising two cylinders with a port connecting 
their upper ends, pistons reciprocable in the re 
spective cylinders, with one piston slightly’ lead 
ing the other, means for supplying a highly com? 
bustible mixture to the leading cylinder and low 
grade mixture to the other cylinder in volumes 
proportional to“ the capacities of the cylinders, ' I 
and means for closing said port during the suc 
tion stroke, leaving it open during the compres 
sion, power and exhaust strokes. - 

3. An internal combustion engine comprising 
two cylinders with a port connecting their upper 
ends, separate intake ports for said cylinders, pis 
tons reciprocable in the respective cylinders, a 
sleeve valve encircling the piston within one cyl 
inder, means for operating the sleeve valve to un 
cover the intake port in thatv cylinder during the 
intake stroke only and to uncover the connecting 
port during substantially all the time that it 
covers the intake port, and means for openingthe _ 
intake'port to the second cylinder in proportion 
to the opening of the intake port to the ?rst cyl— 
inder. - ‘ 

4. An internal combustion engine comprising 
two cylinders of different diameters with a port 
connecting their upper ends, separate intake 
ports for supplying different fuel tothe two cyl 
inders, pistons reciprocable in the respective cyl 
inders with the smaller piston leading the other 
one, a sleeve valve encircling the smaller piston 
within its cylinder, means for operating the sleeve, 
valve to uncover the port into the smaller cyl 
inder during the intake stroke only and to. un 
cover the connecting port substantially through 
out the remaining time of operation, and means 
for opening the intake port to the larger cyl-_ 
inder in synchronism with the opening of the 
intake port to the smaller cylinder. ‘ 

5. A four-cycle engine comprising two cylin 
ders of different diameters with a port connect 
ing their upper ends, pistons reciprocable in the 
respective cylinders, means for supplying a highly 
combustible mixture to the smaller cylinder and 
a low grade mixture to the larger cylinder, a 
sleeve valve encircling the smaller piston within 
the cylinder, and means for operating said sleeve 
valve to open the fuel inlet to the smaller cylinder 
during the suction stroke, only and to open the 
connecting port during substantially all the re-, 
maining time. 

6. A four-cycle engine comprising two cylin 
ders of different diameters with a port connecting 
their upper ends, pistons reciprocable in the re 
spective cylinders with the smaller piston slightly 

_ leading the larger one, separate intake ports for 
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the two cylinders for supplying highly combusti? ' 
ble fuel mixture to the smaller cylinder and low 
grade mixture to the other, a sleeve valve en 
circling the' piston within the smaller cylinder, 
means for operating the sleeve valve to uncover 
the intake port to the smaller cylinder during the 
intake stroke only and to uncover the connecting 
port-‘during substantially all the remaining time,‘ 7 

. and means for opening the intake port to the 
larger cylinder in synchronism with the opening 
of the intake port to the smaller cylinder. 

7. An internal. combustion engine comprising 

65 

‘ two cylinders, one ‘larger than the other,‘ with a 75' 
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port connecting their upper ends, separate intake 
ports for supplying fuel to the two cylinders 
whereby a heated charge may be supplied to the 
smaller cylinder and a cold charge may be sup 
plied to the larger cylinder, and electrical means 
for igniting the heated charge within the smaller 
cylinder and by the explosion‘thereof igniting 
the cold charge in the larger cylinder. 

8. An internal combustion engine comprising 
two cylinders, one larger than the other, with a 
port connecting their upper ends, means for sup 
plying a heated charge to the smaller cylinder 
and. a cold charge to the larger cylinder, means 
for closing said connecting port during the suc 

=' tion stroke only, and electrical means for ignit 
ing the heated charge within the smaller cylinder 
and by the explosion thereof igniting the cold 
charge in the larger cylinder. 

9. An internal combustion engine comprising 
two cylinders, one larger than the other, with a 
port connecting their upper ends, pistons recipro 
cable within the respectivecylinders, means for 
supplying a heated charge to the smaller cylinder. 
and a cold charge to the larger cylinder, a sleeve ‘ 
valve encircling the smaller piston Within its ‘ 
cylinder, means for operating said valve to close 
said connecting port during the suction stroke 
only, and electrical means for igniting the heated 
charge within the smaller-cylinder and by the 
explosion thereof igniting the cold charge in the 
larger cylinder. 

10. A four-cycle internal combustion engine 
comprising two cylinders, pistons reciprocable in 1 
the respective cylinders, each cylinder having a 
separate intake port, another port connecting the 
upper ends of said cylinders, electric ignition 
means for one cylinder, and mechanically oper 
ated valve means to maintain said intake ports 
open during the intake stroke only and the con-' 
necting port closed during substantially all of 
the intake stroke and open substantially from 
the beginning of the compression until the end 
of the exhaust stroke. I " 

11. A four-cycle internal combustion engine 
comprising two cylinders, each having a separate 
intake port, another port connecting the upper 
ends of the cylinders, pistons reciprocable in the 

, 3 

respective cylinders, electric ignition means for 
one cylinder, and mechanically operated valve 
means to open said intake ports during the in 
take stroke in proportion to the capacities of 
the respective cylinders and to maintain the con 
necting port closed approximately during the in 
take stroke only.‘ ' 

12. A four-cycle internal combustion engine 
comprising two cylinders, each having a separate 
intake port, another port connecting the upper 
ends of the cylinders, pistons reciprocable in the 
respective cylinders, electric ignition means for 
one cylinder, and mechanically operated valve 
means to maintain said intake ports open during ' 
the intake stroke only‘ and the connecting port 
closed during substantially all of the intake stroke , 
and open substantially from the beginning of the 
compression stroke until the end of the exhaust 
stroke, the piston in the cylinder with electric 
ignition having 'a lead over the other piston which 
is equivalent to the normal time of ?ame propa 
gation from one cylinder to the other. 

’13. A four-cycle internal combustion engine 

10 

comprising two cylinders, each‘ having a separate _ 
intake port, another port connecting the upper 
ends of the cylinders, pistons reciprocable in the 
respective‘cylinders, electric ignition means for 
one cylinder, and mechanically operated valve 
means to open said intake ports during the intake 
stroke in proportion to the capacities of :the re 
spective cylinders and to maintain the connect 
ing port closed approximately during the intake 
stroke only, the piston in the cylinder with elec 
tric ignition having-a lead over the other piston 
‘which is equivalent to the normal time of_ ?ame 
propagation from one ‘cylinder to the other. 

14. An internal combustion engine comprising 
two cylinders, pistons reciprocable in the two cyl 

30 

inders with one leading the other, means for si-_ ' 
multaneously. charging the two cylinders, and for 
igniting the charge in the leading cylinder, ex 
panding it into‘ the other cylinder as a result of 
.the combustion and thereby igniting the charge 
in said other cylinder, the lead of one piston over 
the other being equivalent to the normal time of 
flame propagation from one cylinder to the other. 

' MARION MALLORY. 


