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ADOLI'HE C. PETERSON, 0F MINNEAPOLIS, MINNESOTA 

MULTIPLE-CYCLE ENGINE 

Application ?led .Tune ‘.16, 

My invention relates to internal combustion 
engines and particularly to a form of valve 

- operating means and to a form of dual cycle 
' engine, wherefore it is called a multlple cycle 
5' engine. I ;_ _ 

The principal objects of myunvention are 
to provide a form of valve operating means 
which shall provide in connection with pop 
pet valve engines a more silent operatlon, 

' 10 which shall provide in such engines a valve 
means which is easily adjusted or which re 
quires no adjustment and which therefore 
will save considerable time in the repair or 
maintenance of such engines. The object of 

15 this valve operating means is to provide a 
valve means which shall be simple in con’ 
struction and simple in maintenance, which 
shall be durable in use or operation and cheap 
in manufacture and which in general shall be 

20 an improved valve means and valve operat 
ing means for internal combustion engines. 
Another object of my invention is to pro 

vide an improved form of engine which shall 
have the advantages of the four cycle engines 

25 and which shall also have the advantages of 
the two cycle engines, and which shall be 
adapted to operate upon either the two or the 
four cycle method at the will of the operator 
and which shall therefore provide the great 

30 power of the two‘ cycle engine under some 
conditions of operation, particularly at low 
speeds and when heavy loads are encountered 
and which shall provide the high speed and 
e?iciency of the four cycle at high speeds or 

35' light loads. In particular the object is to 
provide an engine which shall have the effi 
ciency .of the usual four cycle engine at one 
half loads and which shall have large e?icien 

40 cy at full loads and large load ability. 
The principal devices and‘ combinations of 

devices comprising my invention are as here 
inafter described and as de?ned in the claims. 
In the accompanying drawings which illus 

45 trate my invention in several different forms 
like characters refer to like parts through 

' out the several views. 
' Referring to‘ the drawings: 

Figure 1 is a view chie?y in vertical section 
50 through the axis of the crank shaft and the 

1827. Serial No. 199,874. 

axes of the cylinders of a multiple cylinder 
engine embodying my invention, and taken on 
the line I-I of Figures 2 and 3. 
’ Figure 2 is a vertical section on the line 
II——1I of Figure 1, this section being at right 
angles to the section of Figure 1. 
Figure 3 is a horizontal section on the line 

III—III of Figure 1, this section being taken 
in part as shown on one elevation and in part 
another elevationof Figure 1, and being also 
on the line III—III of Figure 2. 
Figure 4 is a detail horizontal section on 

the line IV—IV of Figure 1. 
Figures 5, 6, 7, are detail sections of the 

cams on the lines A, B, C, respectively of Fig 
ure 1, these sections being through the cams 
for two cycle operation. . 

Figures 8, 9, 10, are detail sections of the 
cams on the lines D, E, F, of Figure 1, respec 
tively, these sections being through the cams 
for four cycle operation. 
Referring again to the drawings, the nu 

meral 1 indicates a crank case whereon are 
mounted cylinders 2 preferably cast as a unit 
with the upper half of the crank case. With 
in the cylinders are reciprocating trunk type 
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pistons 3 which by connecting rods_4 cooper- - 
ate with the crank shaft 5 which latter is ro 
tatably mounted in bearings in crank case 1. 
The crank shaft 5 hasa?ywheel6formed with 
one of its crank arms as shown. As shown in 
Fig. 2, the cylinders have mounted upon their 
upper ends a head casting or forging 7 which 
has formed with it a so-called rich-gas conduit 
8 and an exhaust conduit 9 and an air or car 
buretted air conduit 10. These three con 
duits extend along the upper ends of the heads 
of the cylinders parallel to the axis of the 
crank shaft and each of them are isolated 
from each other except for the communicat 
ing means hereinafter described. 
The rich-gas conduit 8 has one port deliv 

ering to each cylinder 2 at the extreme cen 
tral upper end of itslhead and each port is 
controlled by a relatively small poppet valve 
11. The exhaust conduit has one port de~ 
livering from each cylinder 2 each port being 
controlled by one poppet valve 12, relatively 
large. The air or carburetted air conduit 10 
has one port delivering to each cylinder each 
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being overned by a poppet valve 13, rela 
tively arge. 
The poppet valves 11 each have stems as 

shown extending vertically u ward axially 
within a. so-called follower cy inder 14, one 
for each valve, which are relatively small 
cylinders. 
valve stem has a small valve piston 15 secured 
to it or formed integrally with it and which 
has a rather close but easily slidable ?t in the 
follower cylinder related to it. Beneath this 
valve piston there is a‘ small ‘coil spring 16 
which bears between the valve piston and the 
wall directly beneath so that the spring ex 
erts a pressure upwardly and yieldably 
against the valve piston 15 related to it. 
There are ports 17 in the wall of the follower 
cylinder below the level of the valve piston 
whereby the space beneath the valve piston 
wherein the spring operates is relatively free 
from any liquid oil. 
The poppet valves 12, and 13 have likewise 

individual related follower cylinders 18 and 
19, and individual springs 20, and 21, and 
individual ports 22 which act or are relatively 
similar to those described in connection with 
the poppet valves 11, but these are located at 
an angle to the vertical as shown. 
In each of the follower cylinders, that is 

in the follower cylinders 14, 18 and 19, in 
dividually related to each there are cam fol 
lowers, 23, 24, 25, each of which is recipro 
cable within its related follower cylinder and 
approximately the same diameter as the valve 
piston related to it, and each of which is 
located above the valve piston in the follower 
cylinder. The cam followers related to the 
valve pistons are normally considerably sep 
arated as hereinafter described, from the 
valve pistons, and the cam followers have 
short knobs at their lower ends whereby there 
will under all conditions be some space be-v 
tween the related cam follower and valve 
piston. 
Each follower cylinder 18, related to an ex 

haust poppet valve 12 has in its side wall sit 
uated at a point such that it will always re 
main uncovered an oil port 26 which is a 
port permitting free entry of oil under pres 
sure from an individual related chamber 27, 
the latter having free entry of oil by Way of 
a port controlled by a nonreturn ball check 
valve 28 from an oil pressure conduit 29. 
Each follower cylinder 19 is related to an air 
or earburetted air poppet valve 13, likewise 
has in its side wall a relatively similarly sit 
uated oil port 30, which is a port permitting 
free entry of oil under pressure from an in 
dividual chamber 31, the latter having free 
entry of oil by way of a port controlled by 
a non-return ball check valve 32 from an oil 
pressure conduit 33. The oil pressure con 
duits 29 and 33 all receive oil under pressure 
from a main oil conduit 34 which latter is 
supplied with liquid oil under pressure by 

The upper endof each poppet‘ 
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an oil pump 35 the oil pump being driven as 
hereinafter described. 
The chambers 27 and 31 related to one 

cylinder 2 (its follower cylinders) may freely 
deliver oil under pressure by way of ports 
controlled by nonreturn ball valves 36, 37, 
to a chamber 38 related to the follower cylin 
der 14 of the related set. The chamber 38 of 
each set, that is the chamber 38 related to each 
follower cylinder 14 may freely deliver oil 
through a related port 39 into the space be 
tween the valvepiston and related cam fol 
lower in the follower cylinder 14. The cham 
here 38 may all be connected with the exter 
nal space or with conduit delivering back to 

70 

80 

any oil reservoir, by means of ports 40 which ‘ 
may be simultaneously opened by means of a 
common cylindrical valve 41, the latter being 
adapted to be manually stationed by a lever 
so as to permit all the chambers 38 to dis 
charge freely or may be so stationed that all 
the ports 40 are blocked and thereby none of 
the chambers 38 have delivery except through 
the related ports 39. 
Above the cylinder heads there is horizon 

tally mounted in bearings to rotate on an axis 
parallel to the axis of the crank shaft, a cam 
shaft 43 which at one end has a square portion 
44 slidable axially in a square bore in a mitre 
gear 45, whereby the cam shaft may he slid 
able axially relatively to the mitre gear 45 
but is at all times rotated in unison with the 
mitre gear 45. The mitre gear 45 is rotat 
ably mounted by means of its extended por 
tion 46 in a bearing bracket 47 and is driven 
by a mitre gear 48 by a vertical shaft 49, the 
latter being driven through mitre gears 50, 
51 by the crank shaft 5, the relation being 
such that the cam shaft 43 is driven at one half 
the speed of the crank shaft, that is two to 
one. The vertical shaft 49 drives the pump 
35 so as to draw oil from a supply conduit 52 
and deliver under pressure to the conduit 34. 
The cam shaft 43 atlits opposite end is ro 

tatable in a bearing 53 and may be moved 
axially by a hand wheel 54 the latter being 
freely mounted on the end of the cam shaft 
as shown but so that movement of the hand 
wheel will move the cam shaft axially. The 
bearing 53 has a small conical pointed screw 
bolt 55, manually turnable, whereby the cam 
shaft may be‘ ?xed to rotate in either one of 
two positions according to whether the cam 
shaft is placed so that the groove 56 or the 
groove 57 is in place within the bearing. 
The cam shaft 43 has two sets of cams for 

each cylinder 2, one set 58, 59, 60 being the 
so-called two cycle set and one 61, 62,63 being 
the four cycle set. The two cycle set of cams 
of each cylinder has one cam, the central one 
which is adapted to depress the related cam 
follower 23, twice inv each revolution of the 
cam shaft, when the latter is placed for two 
cycle operation. On one side of the central 
cam there is a cam adapted to depress the 
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cam follower 24, related, by means of a rock 
ing lever 64, related, twice in each revolution 
of the cam shaft when the latter is placed for 
two cycle operation. On the other side of 
the central cam there is a cam adapted to 
depress the cam follower 25, related, by 
means of a related rocking lever 65, twice 
in each revolution of the cam shaft when the 
latter is placed for two cycle operation. 

has one central cam which is adapted to de 
press the related cam follower 23, once in each 
revolution when the cam shaft is placed for 
four cycle operation. The cam on one side 
of the central cam is adapted to depress the 
related cam follower 24 once in each revolu 
tion when the cam shaft is placed for four 
cycle operation. The cam on the other side 
of the central cam is adapted to depress the 
related cam follower 25 once in each revolu 
tion when the cam shaft is placed for four 
cycle operation. > ' g 

The exhaust conduit 9, under four cycle 
operation delivers by conduit 66 to atmos-_ 
phere, but under two cycle operation, a valve 
67 is placed so that it blocks passage to atmos 
phere but by means of passage 68 and port 
69 in the valve 67 ,’connects the exhaust con 
duit 9 with an air or carburetted air main 7 0. 
The air or carburetted air conduit 10 is 
permanently connecting with the air or car 
buretted air main 70: ..The latter may re 
ceive air or carburetted, air from a centrif 
ugal blower vvolute casing or collector 71 
wherein is rotated at high speed a centrifugal 
blower 72, the latter receiving air or carburet 
ted air from a passage 73 as controlled by 
hand valve 74, the latter in one position per 
mitting passage from a Venturi tube 75 and in 
‘the other position from an air port 76 only. 

> The Venturi tube 75 has related to it a nozzle 
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77 which is of such size that liquid fuel may 
be received under suction from the fuel 
chamber 78 in which liquid fuel is main 
tained preferably under a constant level by 
any means as by means of a ?oat controlled 
supply, this not being shown. 
The rich gas conduit 8 is permanently con 

nected by a conduit 79 with a volute casing 
or collector 80 of, a centrifugal blower 81 
which latter receives air or a rich gas mixture 
or a normal carburetted air with air as con 
trolled by a hand valve 82, the latter in one 
position permitting communication with Ven 
turi tube 75, whereby the normal carburetted 
air mixture may be received, in- another po 
sition, permitting communication with a 
Venturi tube 83 wherein a nozzle 84 procures 
a rich carburetion or gas mixture with air, 
and in another position with an atmospheric 
port 85. A throttle valve 86, ?at, moved by 
hand lever 87 permits uniform graduation of 
the volume of gases passing through either 
Venturi tube when the two are acting in 
unison as hereinafter described. 

The four cycle set of cams of each cylinder 

3 f 

The centrifugal blowers 72 and 81 are on 
one shaft 88 driven by a small spur gear 89 
by large spur gear 90 on the crank shaft 5, 
whereby a high speed of the blowers is ob 
tained. The blower 81 is adapted to deliver 
a relatively small volume of air but at rela 
tively higher pressure, say about eight or ten 
pounds, while the blower 72 is adapted to de 
liver a relatively large volume but at relative 
ly lower pressure, say at only about four or 
?ve pounds. The blower 81 may thus be 
relatively small but of larger diameter. 
In the use or operation of my engine, the 

crank shaft 5 is given its initial rotation by 
any means as by the ordinary electric starter 
means, not shown, however in the drawing. 
lVhen so started, the cam shaft may be set 
at four cycle position. The chambers 38 may 
be released to atmosphere, that is their pres 
sure of oil, and the cam followers will then 
gravitate downwardly or may be easily 
pressed out of the way by the cam shaft in 
movement thereof axially. Approaches to 
the cams on the cam shaft should be gradual. 
Under four cycle operation, the valve 67 is 
placed so that the exhaust conduit 9 may 
deliver to atmosphere, and so that there is no 
communication between the exhaust conduit 
9 and the conduit 10 or main 70. Likewise 
the Venturi tube valves are set so that both 
blowers receive carburetted air from the nor 
mal carburettor tube. This is preferablythe 
setting for four cycle operation, especially 
at high speeds, but the setting may be such 
if preferred that air is received by blower 72 
and rich gas by blower 81. Under operation 
as a four cycle engine, the discharge of oil 
from chambers 38 to atmosphere being 
blocked, the four cycle cams will function di 
rectly or by the rocking levers against the cam 
followers so that the four cycle cams depress 
the cams followers periodically as in the ordi 
nary four cycle poppet valve engine, but the 
cam followers act through a body of oil lo 
cated in each individual follower cylinder 
against the related valve piston, so that the 
cam follower acts through the oil imprisoned 
to depress the valve piston and thereby the 
related poppet valve. In this manner the 
popet valves are sodepressed that each cyl 
inder is connected with the conduit 9 during 
an exhaust stroke, with the conduit 10 dur 
ing an inlet stroke (in which either air or 
normal carburetted air is received) _ and with 
the rich gas conduit 8 during either the whole 
of the inlet stroke or part thereof, during 
which either rich gas or normaly carburetted 
air is received depending on the setting. 
During succeeding compression and working 
strokes, there is no communication. At the 
lower end of each stroke of a piston in cylinder 
2, the cylinder 2 may communicate by ports 91 
in the side wall with exhaust conduits 92 de 
livering to atmosphere. ‘ 
Ifnow it is desired to change to a two cycle 
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operation, the operator releases the oil pressure 
from chamber-s38 by means of valve 41, where~ 
by oil pressure is released from all the cham 
bers related to follower cylinders, and there 
by the cam followers may gravitate down 
ward or may be easily depressed downward 
ly and the operator may then move the cam 
shaft into the two cycle position and lock it in 
that position. He may then also change the 
Venturi tube connection so that the blower 81 
may receive rich gas and the blower 72 may 
receive only air. This is the preferable con- 
nection for two cycle operation but the nor 
mal carburet-ted air connection may be used 
instead if desired. ~When the cam shaft is so 
placed, and the valve 67 placed to block de 
livery from conduit 9 to atmosphere and 
permit communication of conduit 9 with 
main 70, the engine will then operate on the 
two cycle method and at each revolution of 
crank shaft 5 the poppet valves connecting 
with conduits 9 and 10 will open approxi 
mately during lower sixty, more or less, de 
grees of revolution, as to each piston, where 
by during the whole of or most of the period 
when the ports 91 are uncovered, air or car 
buretted air from main 70 will be received 
both from conduit 9 and conduit 10. Like 
wise duringthis period. or during the last 
part thereof or slightly after this period the 
poppet valve related to conduit 8 will be 
opened so that normal carburetted air or rich 
gas may enter from this conduit also. This 
connection with conduit 8 is preferably just 
immediately after closing of ports 91, when 
the high pressure volume of gas will enter, 
both under two and four cycle operation. 
The follower cylinders at all times under 

either operation receive oil under pressure of 
say twenty to sixty or more pounds, depend 
ing on construction, but oil may never ?ow 
baclnvardly from these follower cylinders, so 
that oil will always tend to enter and ?ll the 
space and press the cam follower upwardly 
against the cam with which it is cooperating. 
During the interval when the cam follower 
is being pressed downwardly by the cam re 
lated to it in the action opening any poppet 
valve, the ball check valve described in con 
nection with each follower cylinder abso 
lutely prevents return ?ow of the oil into the 
oil pressure conduit delivering from the oil 
pump, so that therefore as the follower cyl 
inder has under operation no other adequate 
outlet (valve All being in the closing position) 
the oil in the follower cylinder will provide 
an adequate incompressible block between the 
cam follower and the valve piston and there 
by the valve piston together with its valve 
stem and poppet valve related to it will be 
depressed uniformly the distance required to 
adequately open the poppet valve. It is to be 
noted that the cam followers have a slidable ?t 
inthe follower cylinders as have the valve pis 
tons but that this ?t is so tight that there will 
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not be any leakage great enough to a?'ect the 
relative incompressibility or displacement. of 
the oil body which is in the follower cylin 
der between the cam follower and the valve 
piston, but that on the other hand there may 
be a very slight leakage around the cam fol 
lower and the valve piston to the spaces 
without the follower cylinder so that there 
always continue to be a very slight adjust 
ment of the parts to the effect that the cam 
follower will during the inactive period when 
there is no depression of the poppet valve be 
held up against the cam related but will not 
be in such relation to the oil body and valve 
piston that the latter is at all depressed to 
open the poppet valve in any degree, that is so 
that the poppet valve may always during its 
inactive periods remain completely against 
its seat. To this end the spring related to the 
poppet valve is of such strength that it will 
always push the valve . piston upward 
against the pressure of any oil in the follower 
cylinder and thereby will not permit any oil 
surplus to enter the follower cylinder exceed 
ing that amount which is just necessary to 
maintain the proper relation of parts. That 
is the strength of the spring is greater than 
the strength of the oil pressure, but the oil 
pressure is so great that it will always cause a 
su?icient amount of oil to enter to keep the 
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follower cylinder completely full and the v 
. cam follower pressed against its cam face. A 
pressure relief valve 95 may be provided in 
the oil pressure conduit to permit ‘by-passing 
of oil when the pressure exceeds a predeter 
mined pressure. There may be a very small 
hole, a pin hole in the cam follower which 
will always permit a slight escape of oil and 
any air or gas in the follower cylinder so that 
there may be always the slight adjustment of 
the oil supply. It is to be noted however that 
at all times when the depression movement of 
a poppet valve by its cam occurs, this depres 
sion movement is of such speed and the rela 
tive escape of any oil from the follower cyl 
inder so small or slight that there is no loss 
of oil therefrom of any consequence during 
the depression period of a poppet valve and 
therefore there is full movement or depres 
sion of the poppet valve by the cam related to 
it. And any escape of oil, which may be very 
slight, for the purpose described or may be 
relatively not at all, is continuously compen 
sated for,‘ during the inactive periods of a 
poppet valve by the entry of oil from the oil 
pressure supply. It is contemplated that the 
oil pressure supply may be the oil pressure 
supply for lubrication of the engine, the pres 
sure used , being in proper relation to the 
parts, the valve piston and cam follower be 
ing of a su?‘icient diameter to provide the 
necessary resistance body of oil between the 
two. However this body of oil need not be 
large in diameter because the oil is substan 
tially incompressible and there is relatively 
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none orno escape of oil during the depres 
sion period, dependin on the construction. 
As shown in Figure 4 5n; cam followers have 
on their sides guides 96 which slide in grooves 
in the inside bore of the follower cylinder 
thereby maintaining the cam follower against 
rotation. This is to permit narrow cams 1n 
the construction as shown, but the cam fol 
lowers may be permitted rotation 1n some 
constructions depending on the permissible 
width of cam face and the relative size of the 
cam follower used. ' 

As described above the engine may have 
a four cycle action during which the engine 
functions as an ordinary four cycle engine 
either drawing in normally carburetted air 
through one main inlet valve and also from 
rich gas conduit 8 or it may draw only air 
from the conduit‘ 10 and’ rich gas from the 
conduit 8 the richness being so proportioned 
that a properly proportioned mixture for 
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combustion is made when the two supplies are 
mixed in the c linder. In two, cycle opera 
tion the cylin er once during each revolu 
tion receives air from both conduits 9 and 
‘10 and rich gas from conduit 8tduring charg 
ing period or it may receive normally car 
buretted air from all three conduits 8, 9, and 
10 depending on the setting. ‘The Venturi 
tube valves 74 and 82 may be so turned that 
air only is. received as when braking e?ect 
is desired. Under any operation the throttle 
valve may be so placed that flow is restricted 
to both blowers 7 2 and 81 and thereby the flow 
may be proportionately cut off and throttling 
e?ect secured. In starting of the engine, 
whichvit is noted is an especial advantage of 
my system, whereas the blowers function sim 
ilarly, the engine may be started on the four 
cycle plan and thereby a normal charging 
secured by the suction of the engine pistons 
notwithstanding that the blower effect may 
when starting at slow speeds be small, so that 
starting may be readily effected. 'As soon as 
the enginehas attained a normal minimum 
speed, which may be that for the slow speed 
driving of an automobile, the engine may be 
caused to take up the two cycle system or the 
four cycle may be retained as desired, the 
two cycle being preferably used for heavy 
loads and at relatively low speeds. The high 
pressure blower delivering to conduit 8 is 
however of such pressure capacity because of 
its larger diameter that it will secure an ade 
quate charging of rich gas through the con 
duit 8 for two cycle operation at low speeds 
of driving, and at such low speeds the pres 
sure necessary to supply air for scavenging 
through ports 91 will be low and the low 
pressure blower will be adequate in pressure 
capacit for low driving s eeds. It is to be 
noted t at by driving spee s is contemplated 
the normal speeds of the engine when under 
proper way and as used in low speeds of an 
automobile, whereas by the low speeds of 

5 

engine starting above mentioned, it is in 
tended to mean merely those speeds when 
an electric startin motor is giving rotation 
to the crank sha t and the engine has not 
taken up its cycle su?iciently to drive the en 
gine without the starting motor. Spark 
plugs should be provided as shown. The en 
gine is shown with two cylinders which 0 er 
ate in unison when two cycling and a ter 
nately when four cyclin , the balance wheel 
providing uniform rotation but it is contem 
plated that say four, six or eight cylinders 
will be used as in any four cycle engine, the 
impulses always coming as in the four cy 
cling but during two cycle operation impulses 
from two cylinders will come at'the same 
time. ‘ 

While I have shown particular devices and 
combinationsof devices in the illustration of 
my invention, I contemplate that other de 
tailed devices and combinations of devices 
may be used in the realization of my inven 

' tion without departing from the spirit and 
contemplation t ereof. 

. What I claim is :_ _ 
1. In an internal, combustion'engine, an 

engine cylinder and'a cooperating piston, a 
port in the side-wall of the engine cylinder 
adapted to be uncovered by the piston in its 
reciprocation, an inlet valve controlling the‘ 
inspiration of charge under fourcycle oper 
ation of the engine, an exhaust valve con 
trolling exhaust from the cylinder through 
an exhaust port under four-cycle operation 
of ‘the engine, in combination with means 
whereby the inlet and exhaust valves may 
be caused to act in unison controlling admis 
sion of air under pressure to the engine cyl 
inder under two cycle operation of the en 
gine the exhaust in such operation occurring 
through the piston covered port in the side 
wall of the engine cylinder, and means where 
by‘the engine cylinder receives a charge of 
fuel during each cycle. . p 

2. 'In an internal combustion engine, cyl 
inders and cooperating pistons, a port in the 
side wall of each cylinder adapted to be un 
covered by its piston in its reciprocation, an 
inlet valve in each cylinder controlling the 
inspiration of a charge under four cycle ops 
eration, an exhaust valve in each cylinder 
controlling exhaust under four cycle opera 
tion through an exhaust port, in combination 
with means whereby the inlet and exhaust 
valves of each cylinder may be caused to act 
in unison controlling admission of charge to 
the cylinder under two cycle operation the 
exhaust in such operation occurring through 
the piston covered port in the side wall of 
the cylinder. ' 

3. In an internal combustion engine, en 
gine cylinders and cooperating pistons, a 
port in the side wall of each cylinder adapted 
to be uncovered by its piston in its reciproca 
tion, an inlet valve in each cylinder control 
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ling thev inspiration of charge under four 
cycle operation, an exhaust valve in each cyl 
inder controlling the exhaust under four 
cycle operation, in combination with means 
whereby the inlet and exhaust valves of each 
cylinder may be caused to act in unison con 
trolling admission of air under pressure to 
the cylinder under two cycle operation the 
exhaust in such operation occurring through 
the piston covered port in the side wall of the 
cylinder, and means whereby the engine cyl 
inder receives a charge of fuel during each 
cycle. 

4. In an internal combustion engine, en 
gine cylinders and cooperating pistons, a 
port in the side wall of each cylinder adapted 
to be uncovered by its piston in its reciproca 
tion, an inlet valve in each cylinder control 
ling the inspiration of charge under four 
cycle operation, an exhaust valve in each cyl 
inder controlling the exhaust under four 
cycle operation, conduit and carburetting 
means adapted to deliver carburetted air as 
controlled by the inlet valve under four cycle 
operation, in combination with means where 
by the inlet and exhaust valves of each cyl 
inder may be caused to act in unison control 
ling the admission of charge from said con 
duit and carburetting means under two cycle 
operation the exhaust in such operation oc 
curring through the piston covered port in 
the side wall of the cylinder. 

5. In an internal combustion engine, en 
gine cylinders and cooperating pistons, a 
port in the side wall of each cylinder adapted 
to be uncovered by its piston in its reciproca 
Ition, an inlet valve in each cylinder control 
ling the inspiration of charge under four 
cycle operation, an exhaust valve in each cyl 
inder controlling the exhaust under four 
cycle operation, conduit and carburetting 
means adapted to deliver carburetted air as 
controlled by the inlet valve under four 
cycle operation, means delivering air under 
low pressure’, in combination with means 
whereby the inlet and exhaust valves of each 
cylinder may be caused to act in unison con 
trolling the admission of the air under low 
pressure under two cycle operation of the en 
gine the exhausts in such operation occurring 
through the piston covered port in the side 
wall of the cylinder, and means whereby each 
gylilnder may be periodically charged with 
ue . 

6. In an internal combustion engine, en 
gine cylinders, and cooperating pistons, a 
port in the side wall of each cylinder adapted 
to be uncovered by its piston, in its reciproca 
tion, an inlet valve in each cylinder control 
ling the inspiration of charge under four 
cycle operation, an exhaust valve in each cyl 
inder controlling the exhaust under four 
cycle operation, conduit and carburetting 
means adapted to deliver carburetted air as 
controlled by the inlet valve under four cycle 
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operation, a low pressure blower delivering 
air under low pressure, a higher pressure 
blower and carburetting means delivering a 
rich gas air mixture under higher pressure, 
in combination with means whereby the inlet 
and exhaust valves of each cylinder may be 
caused to act in unison controlling the admis 
sion of the air under low pressure to the cyl 
inder under two cycle operation, exhaust in 
such operation occurring through the port in 
the side wall uncovered by the piston, and 
means controlling the admission of the rich 
gas air mixture to each cylinder periodically 
under such two cycle operation. 

7. In an internal combustion engine, en 
gine cylinders and cooperating plstons, a 
port in the side wall of each cylinder adapted 
to be uncovered by its piston, in its recipro 
cation, an inlet valve in each cylinder con 
trolling the inspiration of charge under four 
cycle operation, an exhaust valve in each cyl 
inder controlling the exhaust under four 
cycle operation, conduit and carburetting 
means adapted to deliver carburetted air as 
controlled by the inlet valves under four 
cycle operation, a valve having passages and 
relation to the carburetted air conduit and 
the exhaust conduit delivering from the ex 
haust valves as to permit delivery from the 
exhaust conduit to atmosphere and interrupt 
communication of the exhaust conduit with 
the carburetted air conduit under one cycle 
and to interrupt delivery to the atmosphere 
and permit communication of the exhaust 
conduit with the carburetted air conduit 
under an alternative cycle, and means for 
changing the valve operation for the respec 
tive cycles of operation. 
In witness whereof I have hereunto set my 

hand this 15th day of June, 1926. 
ADOLPI-IE O. PETERSON. 
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