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AUSTRALIA, ASSIGNOR, BY MESNILv ASSIGN 

' MENTS, TO MICHELL-CRANKLESS ENGINES CORPORATION, OF NEwì-YOBK, 'N'. Y., 
» A. CORPORATION NEW YORK. 

CRANKLESS 

Originelle. 1,613,116, dated January 4, 1927, Serial 

MECHANISM. 

No. 739,110,111ed September 22, 1924, and 1n Australia 
October 15, 1,923. Application for reissue filed January 3, 1929. Serial No. 330,065. 

The present invention relates to sWash 
plate mechanism which may be of the slipper 
and slant type described in my Australian 
Patent 4,627 0f 1917, such mechanism com 
prising a slant having a plane face >oblique 
to the shaft, co-operating with reciprocating 
pistons in such manner that the latter recipro 
cate with a pure harmonic motion.ku 
The object of the present invention is to 

provide a swash-plate mechanism com ris 
ing two sWash-plates revolving relative y to 
multiple pistons arranged in pairs, the two 
pistons of cach pair being in different phases 
of reciprocating motion in the manner and 
for the purpose hereinafter set out. 
In the accompanying drawings, swash 

plate mechanism according to this invention 
is shown in diagrammatic form, being 1l 
lustrated by way of example, as applied to an 
internal combustion engine operating on a 
two 'stroke cycle. ' 
Figure 1 is a longitudinal section, in out?` 

line, of such an engine, while Figure 2 is a 
phase-diagram showing the relative positions 
of the piston elements at different phases of 
the cycle of operation. ~ 

It is to be understood that a ̀ complete en 
gine will usually be arranged as above stated 
with multiple pistons, that is to say will com 
prise a plurality of pairs of pistons vsuch as 
that shown in Figure 1. " The swash-plates 
1, 2, revolving with the shaft 3, and mounted 
thereon.; in approximately opposite phases, 
will@ _e1-ate in conjunction with all of said 
'pairsl f pistons. `  
° Each "swash-plate, or slant, is mounted ob 
liquely upon Vthe'shaft of the engine, that is 
to say, is inclined thereto at an angle different 
`from a right angle, and is symmetrical with 
respect to its line of greatest inclination with 
the shaft. In consequence of such symmetri 
cal construction the piston in coaction with 
each slant moves at equal but opposite speeds 
at the corresponding points of its forward 
and return motions. ‘ 
The swash-plates 1, 2, are respectively in 

operative relation with the main pistons 4 
‘and 5 which reciprocate in thc explosion 
cylinder 6 in approximate opposition to each 
other. These pistons 4, 5, form one of the 
“pairs” of pistons referred to above as char’ 
acteristic of the construction. As shown in 

Figure 1, the piston 5 being at the extreme 
end of its stroke, the piston 4 will have nearly, 
but not completely reached the corresponding 
end of its stroke, that is to say its maximum 
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distance from the piston 5.'. The cylinder , 
6 has at its ends two series of ports 7, 8, which 
are uncovered by the ends of the pistons 4 and 
5, as the lat-ter reach the outer_ends of their 
respective strokes. At the opposite or innerl 

,ìends of the strokes the pistons 4, 5, reach 
the positions shown by dotted lines 4“, 5", 
respectively near the middle of the length of 
the cylinder 6.  
Connected respectively to the‘inain- pistons ̀ 

4,5, and reciprocating therewith are the aux 
iliary pistons 11, 12, working 'respectively 
`in the cylinders 13, 14, V>which are cosaxial 
with the explosion cylinder 6. The piston 
11 and cylinder 13 constitute an air-pump 
which serves to deliver,V air for scavenging 
and combustion in the cylinder 6. The piston 
12 and cylinder 14 serve to inject the fuel, 
with or without an admixture of air for com 
bustion into the cylinder' 6. With regard to 
the cylinder 14, it will he assumed in the 
description below that the fuel is gaseous, in 
duction‘taking place from the source of sup-. 
ply through the valve 15 into the cylinder 14, ‘ 
and delivery therefrom ‘through the auto 
matic valve 16 into the fuel receiver 17, and 
thence at the appropriate phase of the cycle 
into the working cylindenG through the valve 
18 operated by the cam 19 onv the shaft 3. A 
_modiíicationsuitable 'for adapting the cylin 
der 14 of ‘a multiplepiston engine to operate 
4on the Diesel-engine cycle, with liquid fuel, 
will beindicated hereinafter. Admission of 
the scavenging air to cylinder 13 maybe 
through, a port 20 communicating with the 
atmosphcre'through port 21 on the rotary 
valve 22 on the shaft 3 at the appropriate 
period of the cycle and delivery of the scav 
enging air takes place through the port 23 
which communicates through the conduit 24 
with thel ports 7. 
_ The sequence of operations ofY the .system ` 
1s set out in the diagram, Figure 2, which ' 
represents the events of one revolution of 
thc shaft The sinusoidal curves C4, C5, in 
this diagram represent respectively the dis 

' placements of the main pistons 4, 5, shown 
in Figure 1, the line O, O, corresponding 
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to the middle line of the cylinder 6, repre-` 
sented by the same symbols in Figure 1. 
Thus the vertical distance between the two 
curves 4, 5, at any instant of the revolution 
represents the total volume of the Working 
fluid in the cylinder 6 at that instant. It Will 
be observed as shown in the drawings that 
the displacement of piston 4 is later in phase 
than that if the piston 5, by an angle corre 
sponding to the supplement of the angle by 
which the sWash-plate 1 is mounted on the 
shaft to the rear of the swash-plate 2, namely, 
as shown in the diagram Figure 2, by an an 
gle of 30 degrees. 
The vertical line I, I in Figure 2, corre 

sponds to the ph'ase of,.the revolution When 
the moving partsA of the engine are in the re 
spective positions in which they are repre 
sented in Figure 1. Thus as a consequence 
of'the sWash-plate 1 being later in phase 
than the sWash-plate 2, and of the ports 7 
being of smaller axial length than the ports 
8, the scavenging ports 7 are at this stage 
only on the point of being uncovered by the 
cnd of the piston 4, while the exhaust ports 
8 are fully open having been- uncovered at 
an earlier phase by the end of the piston 5. 
It will be understood that by suitable selec 
tion of the axial Adimensions of the ports 7 
and 8, and by relatively slight variations of 
their axial positions relatively to the strokes 
of the pistons 4 and 5, substantially the same 
operative effects may be secured, with a pair 

' of slants exactly, instead of approximately, 
opposed in phase; also that, in order to ren 
der the engine adaptable todifferent varie 
ties of fuel or to varying conditions of oper 
ations, meansmay be provided for adjust 
ing the phase of either of t-he slants relative 

. ly-to the other and to the valves. The pres 
sure of the products of combustion in the cyl 
inder '6 being this instant reduced nearly to 
atmosphere pressure, ' and the scavenging 
piston 11 performing its compression stroke, 
the scavenging air Will displace and expel 
the remaining gases upon the opening of the 
scavenge ports 7. At the phase I, I the ex 
haust ports 8 are closed4 by the piston 5 re 
turning over them and at the same time or 
shortly afterwards scavenge ports 7 are simi 
larly closed by the piston 4. After the clos 
ing of the seavenge ports the compression 
in the cylinder 6 proceeds bv the return of 
the pistons 4 and 5 towards the middle plane 
O, O, but the air enclosed in the cylinder 13 
expands down to or slightly below atmos 
pheric pressure at the opening of the induc 
tion port 20 at the phase IV` IV. ‘ 
The remainder of the cycle in the cylin 

der 13 is shown in Figure 2 by the dotted 
sinusoidal curve C. 13, which is opposite in 
phase to C, 4, together with lines V. and Va. 
which represent respectively the travel of 
the leading and following edges of the port 
21 of the rotary valve 22, With respect to the 
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induction port 20 Whose relative position is 
indicated on the right-hand side of the dia 
gram. It will _be seen that the induction 
ends, at. the end ot' the inivai‘dístroke of pis 
tons 4, and that compression of the air en 
closed in the cylinder 13 and conduit 24 then 
proceeds until the opening of the scavenge 
ports at I, I in the succeeding cycle. 
The cycle of the cylinder 14 is similarly 

shown by the. dotted sinusoidal curve C, 14, 
opposite in phase to C. 5', together with the 
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line V. 1-8, which represents the phases of thc - 
cam 19 relatively to the travel ofv theA fuel 
valve 18 as indicated at the right-hand side 
of the diagram. It will be' seen that induc 
tion ofthe fuel into-the cylinder 14 takes 
place throughthe valve 15 duringthe stroke 
of the piston 12 Which begins at I I, com 
pression through the -Valve 16 into the reser 
voir -17 proceeding~ during the remaining 
half of the cycle. At V V shortly before-„the 
¥piston 5 reaches the end of its compression 
stroke the fuel valve 18l is opened by the 
cam 19, and remains open until the end of 
the stroke of piston 5 at VI, the fuel being 
fed into the Working cylinder 6 during the 
period V, VI, against the increasing pres 
sure of the air in the cylinder. , 
Returning to the action of the main pis 

tons 4, 5 (as shown bythe curves C4 and C5) _ 
it will be'seen that they compress the Work 
ing fluid to its minimum volume at a. phase 
slightly after the end of the stroke of the 
piston 5 and before the end_of the stroke of 
piston 4. This position is indicated approxi 
matelyA on Figure 2 by the line designated 
“Minimum cylinder volume”. Ignition of 
the charge, by usual means, as by a spark 
ling plug P, is effected at or about the-phase 
of minimum volume. and the expansion or 
power stroke proceeds as the pistons‘4 and 
5 move apart, until the exhaust ports 8 open 
at the phase VIII, VIII. Exhaust ofthe 
gases of combustionthen proceeds to the 
phase I, I, of the next cycle,` when the se 
quence of operations above described is rc 
peated. ' , 

It is to be understood that the invention 
is not necessarily restricted to a construction 
including auxiliary pistons, such as 1l and 
12 connected to all the main pistons 4 and 5 
as the necessary operations of scavenging, 
fuel injection or the like may in some cases 
be effected by auxiliary pistons attached to 
only some of said main pistons. ' 
In the application of the invention to 

Diesel engine operating on liquid fuel, the 
cycle of operations and the arrangement of 
the' parts Will 4be similar to those above de 
scribed, excepting that the piston 12 and 
>cylinder 14 instead of compressing gaseous 
fuel, may be employed either to compress air 
_for the purpose of air-injection. of the fuel, 
or as a pump todeliver the liquid fuel directly 
into the working cylinder, through a fuel in 
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fied, the combination of a 
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jection valve replacing and operating in the 
same way as the valve 18. When two or more 
cylinders 14 in a multiple cylinder Diesel en 
gine are employed as air~compressors,_1t wlll 
be convenient to arrange them in a series as a 
multi-stage compressor. y ` 

In such an arrangement the cylinder effect 
ing the first stage of thev compression will 
preferably take in air from the atmosphere 
through a cylinder port 25 and valve port 26 
in a rotary valve 27 similarly to the rotary 
valve 22, these parts being indicated by 
dotted lines in Figure 1. Such induction of 
air will take place during the inward stroke 
of the piston 12,4 delivery, of the compressed 
air oceurring in the latter" part of the return 
stroke when they piston of the next compres 
sion stage (which is a piston in advance of 
the first-stage piston in the engine cycle) un 
covers admission ports similar to the ports 7. 
I claim: _ _ 
v1. In a cranklessengine‘of the type speci 

fied, the combination of a main shaft, a pair 
of plane-faced slant members mounted there 
on with different phases of inclination one' 
being slightly retarded from direct opposi 
tion to the other, a Working cylinder, andl 
,two pistons in said cylinder each of which co 
acts with one of said slant members. 

'2. In a Ycranliless engine of the ty e speci 
main sha t, a pair 

of plane-faced slant members mounted there 
on in phases differing from precise opposi 
tion, a working cylinder having exhaust and 
scavenge vsports, 
severally with eachof said slant members and 

 arranged in an alined pair reciprocable in 
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the cylinder, one piston of the said pair effect 
ing the operation of exhaust by Vuncovering 
said exhaust ports, ,and the other piston ef 
fecting the operation of scavenge by uncover 
ing said scavenge ports during a period short 
er than and retarded with respect to the pe 
riod of uncovering of said exhaust ports. ' 

‘ 3. In a crankless engine, the combination 
with a main shaft, o_f a pair of slant members 
mounted thereon, with different phases of in 
clination, ̀ pistons co-acting with each of said 
slant members and arranged in alined pairs. 
for reciprocation in opposed phases, a work 

J ing. cylinder common to said pistons in which 
the latter reciprocate and having valve ports 
controlled by said pistons a pump cylinder 
for supplying‘scavenging air communicating 
with the working cylinder, av rotary inlet 
valve operable by the main shaft controlling 
the inlet port of the pump cylinder, and a 
_piston in the latter forming an extension of 
one of the engine pistons. ` y 

4. In a crankless engine, the combination 
with a main shaft, of a pair of slant mem 
bers mounted thereon with different phases 
of inclination, a Working cylinder, pistons 

’ in the latter co-acting with each slant mem 
U5 ber, a fuel injecting pump adapted to com 

and two pistons co-acting` 

municate with said cylinder and including an 
auxiliary piston _connected with one of the 
engine pistons, and a fuel inlet valve in the 
latter operable by the main shaft. ' 

5. In a crankless engine, the combination 
with a main shaft, of a pair of slant mein 
bers mounted thereon with different phases 
of inclination, a Working cylinder, pistons 
in the latter co-acting with each slant mem 
ber, a fuel injecting pump adapted to com 
municate with said cylinder and including an 
auxiliary piston connected with one of the 
engine pistons, a fuel inletl valve in the latter 
operable by the main shaft, a scavenging-air 
pump communicating with the engine cylin 
der including an auxiliary piston connected 
with one of the engine pistons, 4and an air 
valve operable by the main shaft for con 
trolling the supply of air to the air pump. 

6. In a crankless engine of the type speci 
lied, a main shaft, a pair of slant members 
mounted on said shaft and inclined thereto, 
being each symmetrical with respect >to its line 
of greatest inclination to the shaft, a Working 
cylinder containing two pistons coacting sev~ 
erally with said slant members, said pistons 
being in phases of mot-ion in the cylinder `~ 
slightly differing from direct opposition to 

' each other due to the line of greatest inclina 
tion ofione slant being displaced slightly 
from vdirect opposition to that of the other. ` 

7 . In a cranlrless engine of the type speci 
lied, a main shaft, a pair of slant-members 
mounted on said shaft and inclined thereto, ‘ 
each being >symmetrical with respect to its 
line of greatest inclination, a working cyl 
inder containing two pistons, each coacting 
with one of said slant members and having 
exhaust and scavenge ports controlled by 
said pistons, said pistons being in slightly 
different phases with respect to their-respec 
tive controlled ports so as to uncover said 
scavenge ports during a period shorter than, 
and retarded with respect to, the period of 
uncovering said exhaust ports. 

8. In‘a crankless engine, a shaft, a pair of 
slant members mounted thereon with differ 
ent phases of inclination, a cylinder, and a 
pair of oppositely acting pistons in said cyl 
inder, each piston coacting with one of said 
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slant members, each of said slants being so . 
inclined vto the shaft and so constructed andy 
arranged thatsuccessive displacements of . 
the piston coacting therewith as the slant 
moves through itsv cycle of movement will 
fall on a sinusoidal curve in which 'angular' 
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displacements of the slant are plotted against K' 
linear displacements'of the piston. 

9. In a crankless engine, a shaft, a pair 
`of slant members mounted thereon with dif 
ferent phases of inclination, a cylinder, and 
>a pai-r> of oppositely acting pistons in' said 
cylinder, each piston coacting with one of 
said slant members, each of said slants be. 
ing so inclinedî to the shaft and so con 
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structed and arranged that successive dis 
placements of the piston coacting therewith 
as the slant moves through its cycle of Inove-l 
nient Will fall on a sinusoidal curve in which 
angular displacements of the slant are 
plotted against linear displacements of the 
piston, said slants being slightly a'ngularly 

' oil‘set to operate out’of phase' with l_each 

10 

15 

.20 

l slanty members, each of said slants being _so s 

other. 

ferent phases of inclination, a cylinder, and 
a pair of oppositely acting pistons in said 
cylinder, each piston coacting with one of 
said slant members, each» of said slants be 
ing so inclined to the .shaft and so con 
structed and arranged that successive dis 
placements of the piston coasting therewith 
as the slant moves through its cycle of move 
ment will fall on a sinusoidal curve in Which 
angular displacements of the islant are 
plotted against linear displacements of the 
piston, said cylinder having exhaust ports 
controlled byl one of the pistons and air ad 
mission ports controlled by the other piston. 

11. In a crankless engine, a shaft', a pair 
_of slant members mounted thereon ivith dif-l 
ferent phases of inclination, av cyllnder, a 
pair of oppositely acting pistons in said cyl~ 
inder, each piston coacting with one'of said 

inclined to the. shaft'and so constructed and 
arranged >that successiveI displacements oi' 

10. In a crankless-engine, a shaft, a pair 
of slant members mounted thereon Withdif-x 
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the piston coacting 4therewith as the slant 
moves through its cycle of movement Will 
fall on a sinusoidal vcurve in which angular  
displacements of the slant are plotted _against 
linear displacements of the piston, fuel com 
pression means operatively connected to one 
of said pistons, and air compression ,means 
operatively connected to the other piston. 

12. In a cranklessáengine, a shaft, a pair 
of slant members mounted thereon with dif-J 
ferent phases of inclination, aV cylinder, and 
a' pair of oppositely acting pistons`in said 
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cylinder, 'each' piston coacting With one of t 
said slant members, each lof _said slants being 
so inclined to the shaft and so constructed 
and arranged lthat successive displacements 
of the pistons coacting therewith as ~thev slant 
moves through its cycle of movement Will 
fall on a sinusoidal curve in which angular 
displacements ,pf the slanty are plotted 
againstlinear displacements of the piston, 
said cylinder~` having exhaust port-s con 
trolled by- one of the pistons and air admis 
sion ports controlled bythe other piston, said 
pistons being in slightly different phases with 
respect to their respective controlled ports 
sofas to uncovervsaidgscavenge ports during 
a period shorter than, and retarded with re 
spect to, the period of uncovering said ex 
haust ports.  

my hand this 2nd day- ofJanuar , 1929. 
ANTHONY G. ~M. -MI HELL. 
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In witness whereof, I have hereunto set"I 


