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Patented Mar. 29, 1932 

UNITED STATES PATENT OFFICE 
INTERNAL COMBUSTION ENGINE 

This invention relates to internal combus tion engines of the two-cycle type, although 
some of the features are useful for four-cycle 
engines. 

is . The principal object of the invention is to 
produce at low cost a relatively light, com 
pact, powerful and durable and dependable 
high-speed engine of simple construction. . 
Another principal object is to providelim 

it) proved means for pumping the charges into 
the cylinders, and an improvement in the con 
struction and balancing of the crank-shaft. 
The crank-shaft illustrated is of the two 

throw type having only two wrists, which are: -- . - . . . ... -- preferably a group of eight pumps. Each 65 i5 diametrically opposite. Each wrist is oper 
able by eight pistons, the piston-rods placed 
side by side and extending in various direc 
tions from the wrists to their respective: 
cylinders. The cylinders are arranged in 

' ' rows. which extend longitudinally of the 
crank-shaft, four cylinders in each row. 
Each of the four rows, is divided into two pairs, and the cylinders in each pair are in 
osculated and driven by the same explosion 

, 

plug. In other words, there are preferably eight pairs of cylinders, four pairs working 
on one crank-wrist and four pairs upon the 
other. All of the rows of cylinder-heads 

" preferably radiate at angles of 45 degrees 
from one another, thus producing a balanced 
action; two pistons rising while the other two 
descend in the same row. The pistons may 
be very smallin diameter and have a moderate 
stroke. One of the wrists may be integral 
with the middle journal section of the shaft, 
and piston-rods may be slipped upon one 
wrist, one after another, and suitably con 
nected to the . . . . 

cylinders. Then the other wrist may be 
slipped through the remaining pitmen, and 

i) 

the pin may be rigidly secured. Upon each 
wrist is a sleeve, and the hubs of the pitmen 
fit upon the sleeve.; 

f 

H. 

in each revolution. . . . . - - Each pair of inosculated cylinders includes 
an intake-cylinder having a port opened by 
the piston at the last portion of its power 

99 stroke. In the other cylinder inosculated 
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usual type. The charge of mixed gas and ai 
is pumped from the carburet 
are arranged in the middle zone of . . . . . . . , between the exhaust-cylinders which occupy 

cylinders. 

25 of gas, which is ignited by a single spark 

the ends of the down strokes, they open the 
said compressed charges enter said ports, and 

- -- the most of the down stroke of the pump. 
pistons and arranged in the 

There are eight equally spaced explosions engine. 

therewith, there is an exhaust-port O prefer. 
ably double or more than double the height . . . . 
of said intake-port, the exhaust port open 
ing first and producing a reduction of pres: 
sure in both cylinders before the intakeport 55. 

Fuel is drawn through a car retor O 

the intake ke-cylinders, 
e of the engine 

cylinder in each pair. The 

the outer zones. There is provided one purif 
for eachinosculated pair of cylinders, making 
pump is connected by a pitman to the crank 
shaft. The pumps are grouped in a middle . . . 
ZOne, i.e., between the zones of the intakes 

Each pump compresses a charge uponi 
outward stroke so that it becomes practicable 
to connect the piston by a simple pitman to 
the crank-shaft. While one pump-piston is . 
being thrust out by the crank-shaft, the en 
gine-pistons which are to be fed thereby are 75 
being driven towards the crank-shaft. The 
outward thrust of the pump compresses the . . . 
charge, and when the engine-pistons, reach 
ports in the intake-cylinders, and the afore-, St 
drive the exhaust gas out of both engine-cyl 
inders in each pair; the engine being of the 
two-cycle variety. When said paired engine 
pistons are rising, their pump-piston is de- $5, 
scending and drawing in a new charge; the 
intake-ports of the pump being closed during 
piston, but being opened at the bottom of the 
stroke and admitting a charge from the car- 0 
buretor. . . . . . . . . . . . . . . . . . . . . 
During this pumping operation, the ports 

in the intake-cylinder of the engine remain 
covered or closed by the intake-piston of the 
The pumps may be of o er capacity, that 

is, each pump may have enlarged clearance 
therein, so as to make it unnecessary to de 
velop excessive pressure at the outward stroke 
of the pump-piston; and the intake-ports of 100 ... 

  

  

  



4t. 
pimp, being driven by an eccentric. The ec 

the pump may be over-sized, so as to afford 
time for the charge to flow in from the car 
buretor, even though in some cases there may 

each row containing two groups of four en 
gine-cylinders and two purp-cylinders. . 
These six cylinders may be cast in one piece, 
and this piece may be fastened radially on the 

.. 3 

2). 
with four main bearings, namely, two middle 

not be produced a high degree of exhaust in 
the pump-cylinder, owing to over-size or over 
clearance and owing to large clearance cham 
ber between pump and engine-cylinder. 
The -engine-body's may comprise... a. aain 

frame, and upon this frame may be separate- a 
ly attached four different roWs of cylinders, 

main frame which has angularly placed seats 
for all four groups of cylinders. Each pair 
of engines may have a separate water-jacket, 
oral of the cylinders in eaeh - oup or east ling may have a separate water:jacket. 
The crank-shaft in this engine may be made 

ones and two end ones. Between the middle 
bearings may be two opposite eccent ilt. 
eccentric adjacent to the other. 'The entire 

- - crank-shaft may be in one piece except for the 
two endicranks, which may be separately at 

... tached to the ends of the e - - - 
eccentric is placed diametrically. opposite to 
its associated crank-wist. ii are four-straps, each is 

the crank-wrists. Each 

: On each ecceiatric 
a pitman which at its free end is pivoted to a 
pump-piston. The pumps are arranged in 
two sets, of four-pumps each, each set in echelon. The pumps are in pairs, each pairin 

*5 line with two pairs of engine-cylinders, the 
pumps being between the pairs of cylinders. 
Eachinosculated pair of engine-cylinders is 
provided with one pump, having a piston 
which always moves in the opposite direction is: 

there are: employed sixteen cylinders inoscu 
lated in pairs, eachi pair including an intake 
cylinder 20 and an exhaust-cylinder-21 which 

from the pistons in the engine-cylinders, each 
centric-arrangementis, preferred, being more 

. . . ; 

s middlebearings being well separated, and the 

compaet than crank-wrists would be, and also 
cheaper, and the great diameter of the ecen 45 

does not do very much work, merely pumping 
tric is not objectionable, because the eccentric 
in the charge of fuel and compressing it to a 
pressure of from five to fifteen pounds above 
atmospheric preparatory to discharging into 
its engine-cylinders. This arrangement gives (4 as very good balancing, because each pump-pist 
tonistraveling oppositely from its associated 
engine-pistons. For the shaft to have four 
bearings instead of three is an advantage, the 
length of the engine-crank wrists being short. 
Each pump-cylinder, discharges directly into 
the nearest engine-cylinder through a short 
passage or chamber of proper capacity. The 
engine and pump cylinders are aligned in 
three-cylinder groups, each group having a 
pair of engine-cylinders, and a pump-cylinder 
therefor. 
gained by having the eccentric diametrically 
opposite; the crank-Wrist, since the palamp-pis 

There are several advantages 

In the accompan 
ings, . . . . . . 

forming part of 

1,851,547 . . . . . 
ton thrusts outwardly to compress the charge, 
while the engine-pistons are driven inwardly 
by an exploded charge. Each pump-piston 
completes its outward thrust to compress the 
charge, which discharges into the adjacent in 
take-cylinder as soon as the ports of the latter 
are opened by the descending engine-piston. 
Folar eccestric-straps néayibe, attached upon 
each eccentric. - - - 
When the compressed charge reaches the 

engine, it scavenges first the intake-cylinder 
and then the exhaust-cylinder, with very little 
mixing of fresh gas with spent gas, as the 
intakeport may beformed so that it will close 
at the desired point, in advance of the clos- C 
ing of the exhaust-port; so that the fuel gas 
has opportunity to expand and drive out more 
of the spent gas after the intake-port closes . . . . 
and before the exhaust-port closes. 

Other, features and advantages twill here 
inafter appear. . . . . . . . . . . . 

ying diagrammatic draw 
Figure is a cross -sectional elevation show ing an array of pumps. . . . . . . . . . . 
Eigure 2 is a cross-sectional elevation of 

tion of the engine and pumps. . . . . sFigure 4 is a plan of the engine. partly in 
section. . . . . 

Figure 5 is a section and Figure: 6.a plan 
- 93 showing a row of engine and pump cylin 

the engine-block, showing eight engine-pis 
tons connected to one of the cranks wrists, and 

: four pumps connected to an eccentric. 
:Figure:3;is alongitudinal sectional eleva- { 

ders forming a single radial casting; Figure 
ure 3. . . . . 
: In the preferred form of the invention as 

s 

5, being taken at about the line 55 of Fig 

may be placed side by side, having a common 
explosion-chamber or inosculation. 22. In 
the cylinders are separate pistons 23, 24 con 
nected by rods. 25 and pivots 19:to wrists 27, 
28 of a two-throw crank-shaft 29. At Fig. 
ure;3 is shown a row, of four cylinders, con 

h at sisting of two pairs. There are show 
Figures 2 and 4 four of these rows. . . . 

each row being separated from the next by 
an angle of 45 degrees. There. -are, eight 
evenly spaced explosions for each revolution 
of the crank-shaft. 
To each crank-wrist. 

working in eight cylinders, radiating in the 

19 

As at Figure2; the rows are evenly sp aced, 

. . . . . . . . 27, 28. are articulated eight rods, connecting it to eight pistons, 
four directions seen at Figure: 2. The two 
middle rows of cylinders are each spaced at 
an angle of 22% degrees from a vertical 
plane intersecting the axis of the crank-shaft. 
“The router rows radiate at: an angle of 67A . 
degrees from the vertieal plane. It will be 
understood that there are four rows of en 
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gine-pistons, four in each row, half of the 
engine-pistons in each row being connected 

s 

io 

15 
The cylinders in 

to one crank-Wrist and half to the other. 
Each row is sub-divided into two pairs, the 
engine-pistons in one pair moving as a unit 
in the opposite direction from the engine- - - be placed a thin-walled split bearing collar 

or sleeve 48 to reduce friction between the pistons in the other pair in the same row. 
Figure 4 shows that the pairs of cylinders 

and their respective engine-heads have an 
echelon arrangement, agreeing with the al 
ternating arrangement of the 
the left-hand and th 
wrists 27, 28. . 

- s in each pair forman engine 
head 33, as seen at Figure 4, two engine 
heads in each row, the eight engine-heads 
being in echelon arrangement. The heads 

20 

counting from the right, belong to the engine. The eccentric - - - - - ...' ' ' ' way shaft-bearings 29, and conduce to com- . 
pactness in that they permit relative short another engine-head, the third and seventh 90 90 hess of the crank-shaft. The pump-eccentric 
56 is diametrically opposite the engine crank 

25 

in each radial row may all be cast integral. 
The left-hand crank-wrist 27, Figure 3, 

accommodates the hubs of eight pitmen 25, 
of which group of pitmen the first and fifth, 
head shown, the second and sixth belong to 
belong to another engine-head, and the fourth 
and eighth belong to the remaining engine head. By this arrangement undue separation 
of the pistons in the engine-head is avoided, 
and the capacity of each explosion-chamber 

30 22 is kept at a minimum. The invention is, 
however, not limited to this order of the pit 
men upon the crank-shaft, nor to the precise 
echelon arrangement shown for the engine 

- heads. 
3. 5 

40 

4 5 

There is a corresponding arrangement of - 
the pitmen of the right-hand crank-wrist, 28. 
Three pitmen of other engine-cylinders may 
intervene between the pitmen of each pair of cylinders. The piston-rods in each pair may 
thus be separated to afford this space for the 

This conduces to shortness are opened, and a other pitmen. This con - - - - - - - 
and rigidity of the shaft, simplicity, balance 
and smooth running. . Every down stroke of each piston is a 
power-stroke, thus placing this simple en gine on apar with the sixteen-cylinder, eight 
throw, four-cycle engine, with its thirty-two. 
valves, of the prior art. In other words, 
there are twice as many impulses for each 
revolution as can be obtained in the common eight-cylinder, eight-throw, four-cycle en- c. 

". . . . , . . . . . . . . . by arrows at Figure 3. . gine. 
In each revolution, each pair of engine-pis 

tons is arrested twice, this arrest occurring at 

ea 

the opposite end of the stroke from the other pair in the same row, Figure 3; there being 
two arrests in each row at each revolution, 
making in each revolution eight arrests alto 
gether in the entire system of engine-pistons. 
These eight arrests occur at intervals of 
forty-five degrees for smooth running, and 
the engine is moreover evenly driven by 
means of the eight evenly spaced impulses at 
each revolution. The crank-shaft may be cut from a cylin 

pitmen upon 
right-hand crank 

ment durin 

drical bar to form the crank-wrists and the journals, leaving uncut portions 46 of orig 
inal diameter to serve as cranks and fly 
wheels, and also leaving similar portions 47. 
at each side of the midway journals 29 for a 
similar purpose. Upon each crank-pin may 

piston-rods and the wrists. Each row of engine-cylinders is provided 75 
with a pair of pumps, which pump charges of 
mixed gas and air from a carburetor (not 
shown) through a manifold 50. The pumps 
in each row form a head 51 between the en gine-heads. One pump-piston 52 in each 
pair serves the left-hand engine-cylinders 20, 
21 at Figure 3, and the other pump-piston 53 . . . 
serves the right-hand engine-cylinders 20, 21. 
These pump-pistons are driven by means of 
eccentric-straps 54 from eccentrics 56, 58 

80 

which may beformed upon the crankshaft. 
The eccentrics are placed between the mid 

wrist 27, and hence the forcing or up stroke 
of the pump-piston 52 occurs during the ex 
plosion or down strokes of the pistons 23, 24. 
During said up strokes of 52 the drawn in 
charge of mixed gas and air is put underpres 
sure, and finally this compressed charge 
spurts through inlet-ports 55 in the bottom 
of the engine-cylinder 20, just as said inlet 
ports are uncovered at the conclusion of the down stroke of the intake-engine-piston 23. 
Upon the succeeding down stroke of the 
pump-piston 52, said ports 55 remain closed, 
so that suchdown stroke of piston 52 creates 
a partial vacuum in the pump-cylinder 61. 205 
Near the bottom of the pump-stroke, ports 59. 
manifold 50. is . . 

engine-head, and to expel spent gases 
throughinosculation 22 and through exhaust- 5.3 

charge enters, from the 
During the just-mentioned down stroke of 

pump-piston 52, the companion pump-piston 2) 
53 in cylinder 62 rises, and forces the previ ously-inspired charge to spurt through ports 
55 into the intake-cylinder 20 in the main 

cylinder 21 and exhaust-port 57, as indicated 
The pump-cylinders 61, 62. are se or. 

formed within a relatively large head or 
chamber 51, and are sealed therefrom ex cept for theinlet-ports 59, which are arranged 
at the bottom or floor 63 of the chamber or 
compartment; each pump-cylinder being 
therefore totally sealed from said compart g nearly the entire up-and-down 
strokes of the piston. Both the pillipoylinders and the compart 
ment may be closed by means of a detachable 
cap 64, having interior cylindrical walls 65 
fitted to the tops or edges of the cylinders : 

  



61; 62. Said cylinders 65 are headed over at 
66 by means of a top, which is integral, with 

lo 

the cap 64 and co-extensive with said cylin 
ders 65. .. i. . . . ; ... . . . . - - 

... The shape of the cap is oblong to. corre 
spond with the shape of the punap-head-51, 
and a transverse: space 67 over the pumps 
forms a communication between the opposite. 
side compartments of this chamber. The 
manifold 50, opens into the top 68 of said 
cap 64. The entering mixed gas and air 

. . passes down into the transverse, passage. 67, 
as shown by the full-line arrows, at Figure 

.5 

drawing pump through the intakeports. 59, 

3, and then down into the-side, compartments 
63 exteriorly of the pump-cylinders, as shown 
by dotted arrows, and then enters the in 
as shown by fall arrows. 

2.) 

5 

35 

5. On the next up stroke, the charge is grad- - 
ually compressed. As soon as the engine 
ports 55 are open the compressed mixture ex 
pands and drives through an outlet. 69 in the 
top of the pump, and down through a cham 
ber, 70 and out from a port 71 in the bottom 

5 thereof, and into a shallow, compartment 72, 
which surrounds the intake-engine-cylinder 
20, and communicates.there with by means of 
intake: ports. 55.. The upper end of each 
pump is enlarged or recessed circumferen 
tially at 73 to permit the escape of the com 
pressed charge through said outlet 69, which 
is formed in the bottom of this recessed or en larged portion of the pump-cylinder. 
... The cubic capacity of the clearance at the 
top of the pump-cylinder and the chamber 
or passage 70 is preferably less than the cubic 
displacement of the pump-piston so that the 
pressure of the previously pumped-in charge 
may be raised for example to 10 pounds per 

40 square inch at every, up stroke of the pump 
piston, so as to provide the charge with suffi 

45 

50 

55 

60 

cient energy for driving out the spent charge 
from the adjoining inosculated cylinders. 
Said cubic capacity should be soproportioned 
as to give-sufficient draft so that the charge 
from the carburetor will enter the pump properly, when the pistonis in position shown 
at 52, Figure. 3. . . . . . . . . . ' 
The necessary- cubic displacement of. each 

pamp-piston 52,53. (which preferably has the 
same length of stroke, as the engine-pistons) 
may be provided for by making the diameter 
of the pumpi piston considerably, larger than 
that of the engine-piston, as illustrated. The 
-pumppiston displacement may be equal or 
nearly equal to the displaeement of two-en 
gine-pistons combined, so that, one stroke of 
the pump-piston may be substantially sufi 
cient to charge both inosculated engine-cylin 
ders. As will be observed at the right-hand 
portion of 23, the exhaust charge may be 
all, or nearly all, driven out through the port. 

ng, exhaust gas. 
with fresh gas; this, clearness being secured 
by having reasonably high initial pressure 
57, with a minimum of mixin 

charge 

above atmospheri 

additional bulky crank-arms for 

done by the pumps is relativel 

same, may be true o 

l,851,547 
of the charge which spurts through the port 
55 and becomes reduced nearly to-atmospheric 
pressure, if the engine is running very slowly, 
by the time that the exhaust-port 57 is cl 
by the rising piston 24. It will be understood 70 - 
that the compressed gas may have sufficiently 
high initial pressure to instire elimination of 
the exhaust, gas without waste of fresh gas. 
If it is desired to run the engine slowly when 
the load is small, then the usual butterfly 
throttle (not shown) which supplies the 
manifold 50, may be sufficiently closed so that 
the low-pressure charge drawn in by the 

5. 

pump-piston does not have time to rise to 
atmospheric pressure; but may still remain at 
say 10 or 12 pounds absolute pressure when 
the inlets, 59 have been closed by the rising 
piston. 52. Under such partly throttled con dition, the piston. 52-must rise considerably 

... ' ' ' ' ' 85 Order to bring the pressure of the 
- - - - 'E', to atmospheric. Thereafter, during the relatively small remainde 

stroke, the piston cannot raise the pressure 
very high, say: only three or four pounds 

ric. Hence a relatively small 

more 1) 

charge of gas. Wi 

80 

bounds 
enter the engine-cylinder through the ports 55, and a comparatively . 

small quantity of burned gas will be expelled from theinosculated cylinders, thus reducing 
red 95 the charge of fresh gas when it is desired 

for the engine to run light, or when the load 
is light. . . . . . . . . . . 
It will be seen that by opening and clos 

flexibility of the engine operation may be 
tle is wide open, the engine may be run at 

ing said manifold throttle in the usual way, 
100 

secured. On the other hand, when the throt. 
high speed, since the pump-pistons. 52,53 
ders at sufficient pressure. 
... The eccentrics.56 are made o 
will force charges into theinosculated cylin 

flarge diam 
eter, so as to avoid necessity of providing 

- - - . . . driving the 

pumps. The great diameter. 
trics is not objectionable, because the work 

heavy eccentric 56, plus the heavy eccentric 

the eccen 
. . . - 110 

ght. The 

straps 54, tend to counter-balance the heavy 
crank-wrist 27 and its pitman hubs connected 

115. thereto. Moreover, the reciprocating, parts 
52, 54 of the pump tend to counter-balance 
the reciprocating parts 23, 24, 25 of the en 
gine. The same is true in respect to the 
crank 58, etc. which tends to counter-balance the wrist 28, etc. Smooth running may there 
fore be readily secured. . . . . . . . . . . 

in one piece, as shown at Figures 5 and 6; but 
File:Fly be detachable, and the the engine-cap. 74,75; 

The two engine-heads and the intervening . . 
pump-head, seen at Figure 3, may be cast all 

125 

the latter having theinosculated engine-por. 
tions 22, and being also provided with spark 
plugs 76 opening into the inosculations; the 
engine-caps being water-jacketed as shown. 130 
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The crank-shaft 
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The members 27, 28,47,56, 58 of the crank 
shaft may be made in one piece, which may 
be cut down from a single heavy shaft. The 
pitmen 25 may be slipped onto the wrists 27, 
28, or rather upon the bushings 48, and then 
the ends of the crank-wrists may be set into 
sockets 77 formed in the end weights, 46, 
which are integral with the end-shafts 29. being joined thereto by integral disk-por 
tions. 78; and set-screws 9 may be employed 
for holding the wrists 27, 28 rigidly connect 
ed to the members 46. Said members 46, as 
well as the members, 47, may be shaped to 
help counterbalance the wrist pins 27.28 and 
their belongings; and extra counterbalanc ingrim-segments 80 may be secured upon the 
members 46. - - - - - - 

ings 81, 82,83, 84, forming part of a frame 
work, and the shaft may be held in place by 
detachable members 85. The framework may include supports 86, extending upward 
ly and outwardly from the shaft-bearings, 
and carrying at their outer ends four sub 

... 25 stantially similar sloping beds 87, one for 
each of the engine-heads seen at Figures 5 and 
6, the latter being fastened down upon the 
beds by bolts 88. These four engine-heads 
may be similar one to another for economi 

30 

and the eccentric-straps 54. The eccentric 
straps may be secured upon the eccentric in 35 any suitable way, as by joining their ends, as 

45 

pipe 91 

55 

cylinder. . . . 

cal manufacture, but are placed in the echelon 
arrangement, seen at Figure 4, to agree with 
the described arrangement of the pitmen 25 

indicated at 89, Figure 3. 
It will be noted that the chamber 70 ex 

tends from the upper or delivery end of the 
pump down to the intake-ports of the engine 

Back-firing dangers are minimized or 
avoided, since when any engine-cylinder has its inlet-ports open, its outlet-portis also open, 
and moreover the associated pump-piston 
closes the port 69, thus shutting off communi 
cation and preventing ignition of gas mix 
ture in the manifold and carburetor. Cooling water may be supplied to the en 
gine-heads through branch pipes 90 each de 
livering to adjacent engine-heads; and the 
heated water may be led off through delivery 

At Figure 4, the engine-heads marked A 
Bc5 5 are respectively in line with the 
pump-heads E. F. G. Hand also with the opposite engine-heads IJ K L. 
The pumps, which are arranged in echelon, 

have their pitmen or eccentric-straps side by 
60 

side upon the eccentrics, the latter being pro bish vided with split-anti-friction tubes, 
ings or washers 92. . . . . . . . So long as the rows of engine-heads are 
evenly spaced, the engine may be made with 
either more or less than the four rows shown; 
as for example with three rows spaced at 60 

engine-heads in each row, the engine-heads 

: and engine-charging pumps driven b 

degrees, or two rows at 90 degrees, or five 
rows at 36 degrees, or 8 rows at 22/6 degrees. 
Variations may be resorted to within the scope of the invention, and portions of the t "...70 improvements may be used without others. 
Having thus described my invention 
1. An internal combustion engine having a 

crank-shaft provided with only two wrists, 
said wrists being diametrically opposite, six- 75 
teen cylindel's, said cylinders, arranged in . . . . . 
separated rows which extend longitudinally 
of the crankshaft, there...being four cylin 
ders in each row, sixteen pistons in said 
cylinders connected to said wrists, half of the 80 
pistons in each row for one crank-wrist and half for the other, the cylinders in each row 

ay be mounted in bear being divided into two pairs, the cylinders in each pair being side by side and inosculated . . 
and having a spark-plug, pitmen connecting 85 . . . . 
four pairs of said pistons to one crank-wrist, 
pitmen connecting the other four pairs of . 
pistons to the other crank-wrist, all of the 
rows of cylinders radiating at angles of 45 . . . . 
degrees, from one another to secure eight 99 . . 
evenly-spaced explosions at each revolution . . . 
of the crank-shaft, each, pair of cylinders 
forming an engine-head and there being two 
in the different rows being in echelonor the 
like arrangement, and the pitmenhaving cor 
responding arrangements upon the crank 
wrists, there being space between the pitmen 
in each pair for three other pitmen, and each of said other pitmen belonging to a different 200 

i engine-head, eccentrics on said shaft for driv 
ing, the pumps, all of the engine and pump 
heads being in echelon, each pump-head have 
ing two oppositely-acting pumps, and com-: , 
pression chambers between the pumps and the 105 pairs of engine-cylinders. . . . 

2. An engine having a crank-shaft pro- . 
vided with diametrically-opposite wrists, in 
osculated engine-cylinders having pistons . . 
connected to said Wrists, said crank-shaft hav-il.0 
sing eccentrics thereon adjoining said YE . . . 

y said: 
eccentrics, each eccentric being diametrically , 
opposite to its companion engine-Wrist, said 
eccentrics being of greater diameter than 
the engine-Wrists, each eccentrici having a 
plurality of radial pump-pitmen mounted 
thereon. . . . . . . . . . . . . . . . . 3. An engine having a crank-shaft pro 
vided with diametrically-opposite wrists, in-12 
osculated: engine-cylinders having pistons 
connected to said wrists, each crank-shaft: 
having eccentrics thereon adjoining said 
wrists, and engine-charging pumps driven 
by said eccentrics, each eccentric being dia metrically opposite to its companion engine 
wrist, said eccentrics being of greater diam 
eter than the engine-Wrists, each eccentric 
having a plurality of radial pump-pitnell 
imounted thereon, the crank-shaft h 30 : 

125 

having 

  

  



diametrically-opposite wrists, each connected 
to half of the engine-pistons, and also in cluding diametrically-oppositeintegral eccen 

main bearings at its ends and also a main 
bearing between the engine-wrists said wrists 
and eccentrics being formed in one piece and 

4. A set of radial rows of engine-cylinders 
cut down from a single heavy shaft. 
and pump-cylinders for pumping charges 
thereto, each row including a set of engine 
cylinders upon each side of a set of pump 
cylinders having pistons; and a crank-shaft. 
for all of the cylinders and including two 

tries, each connected to half of the pump-pis 

s 5 

is tons, each eccentrie being- diametrically op . . ) 

posite to its adacent engine-wristandi i 
iders including inosculated pairs, an engine 
and a chamber being arranged intermediate 
said intake port and the pump associated with that pair for receiving a compressed charge 
from the pump during the power strokes of 
the engine-pistons associated with saidpump. 

5. A set of radial rows of engine-cylinders and pump-cylinders for pumping charges 
thereto, each row including a set of engine. 
cylinders upon each side of a set of pump cylinders...having pistons, and a crank-shaft 

30 

3. 

for all of the cylinders and including two 
diametrically-epposite-wrists, eaeh-connected 
to half of the engine-pistons; and also inclid 
ing diametrically-opposite integral eccen 
trics; each-connected to half of the pump pistons; eachieccentriebeing diametrically op 
posite to its adjacent engine-wristi and 'im 
mediately adjoining the same, said engine 

At) 
engine-cylinder in each pair having an intake port and a chamber being arranged intermedi 

cate said intake port and the primp associated 
charge from the pump during the power with that pair for receiving a compressed 
strokes of the engine-pistons associated with 3 Saidpump; each row including engine-heads 
and also including a pumpshead between the 
engine-heads each pump head including two 
pumps, one for each adjacent engine-head; 

diametrically-opposite wrists, each connected 
to half of the engine-pistons, and also inched : ing" diametrically-opposite integral pump 

. . . 

i. adjacent to its intake engine port. . . . . . 
6: A-set of radial rows of engine-cylinders 

wrists, eachirconnected to half of the pump pistons, each pump-wrist being diametrically 
opposite to its adjacent engine-wristandini 
mediately adjoining the same, said:engine 
cylinders including inosculated pairs, an en ... iii. 

gine-cylinder in each pair having an intake pair being side-by-side and inosculated,pit 

ately adjoining the same said engine-cylin 
cylinder in each pair having an intakeport 

mediately: 

u - . . . . . e. -- - - - , a... . . . . . . . . . . . . . . . . . . . the four engin cylinders including inoseulated: pairs; an 

eachintermediate compression chamber being 

1,851,547 
port and a chamber being arranged inter 
mediate said intake port and the pump as 

O)- 
pressed charge from the pump during the 
power strokes of the engine-pistons associated . 
with saidpump, the cubic capacity of said in 

sociated with that pair for receiving a 

i termediate compression chamber being sub 

each pump-piston being about equal to the 
combine 

and pump-cylinders for p 
cylinders upon each side of a set of pump 

70 

stantially less than the cubie displacement of 
the pump-cylinder; the cubic displacement of 

75 cubic: isplacement of the two engine-pistons 
. A set of radial roys of engine-cylinders 

-- . . . charges 

thereto, eachi-row including a set of engine 80 
cylinders having pistons, and a crank-shaft 
for all of the cylinders and including two diametrically-opposite wrists, each connected, 
to half of the engine-pistons; and also inclfid-. ing diametrically-opposite integral ecceni 85 
tries, each connected to half of the pump pistons, each eccentric being diametrically opposite 

gine-cylinder in each pair having an intake 

ciated with that pair for receiving a com pressed: charge from the pump during the 

their pump-cylinder, said rows being four in 

port and a chamber being arranged inter 
mediate said intake port, and the pump asso 

ts adjacent engine-wristandim 
djoining the same said engine 90 cylinders including inosculated pairs, an en 

power strokes of the engine-pistons associated 
with said pump, each pair of inosculated'en gine-cylinders being cast in one piece with . . 

. . w v . .r. - in 100 

number and set at'angles from one another, 
another and ha 
as set forth. . . . . - . . . . . . . . . . 

8. The combination of a power-shaft hav 
aving an echelon arrangement 
-heads being similar to one 

105 
ing opposed eccentrics thereon and also hav 
ing engine-Wrists, a series of pumps ar 
ranged in echelon and having pistons, eccen: tric straps placed side by side upo 
said eccentries and connected to saidpump 
ly-spaced angular 

each of 
pistons, said "pumps being separated at equal 

ungularintervals around the power 
shaft; and engine-cylinders to which said: pumps deliver respectively, said engine-cyl 
inders being placed side by side with the 

. . . - pumps in echelon arrangement and having and pump-cylinders for parmping charges is, 
thereto, each row including a set of engine 
cylinders-upon each side of a set of pump 

55 cylinders having pistons; and a crank-shaft 
for all of the cylinders-and including two. 

pistons connected side by side to each engine 
wrist of said shaft to drive the same. 
is 9. An internal com 
crankishaft provided with only two engine ustion engine having a 

115. 

120 
wrists, said wrists being diametrically oppo 
site; a multiplicity of cylinders, said cylinders . . . . . arranged in separated rows which extend longitidinally of the crank 
four cylinders in each row, pistons in said haft, there being 25 
cylinders, half of the pistónsin each row con 
nected to one crank-wrists and half to the 
other the engine-cylinders in each row being 
divided into two pairs; the cylinders in each 
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men connecting half of said pistons to one 
engine-wrist, pitmen connecting the other. 
half of said pistons to the other engine-Wrist, p - - - - - - - - - - of engine-cylinders, and each pump-wrist all of the rows of cylinders radiating at equal 
angles from one another to secure numerous 

O 

15 

4. 5 

cation of the shaft to produce a continuous. 
torque thereon, a pump grouped with each 

s 

evenly-spaced explosions at each revolution 
of the crank-shaft, each pair of cylinders 
forming an engine-head and there being two 
engine-heads in each row, the engine-heads in 
the different rows being in echelon or the like 
arrangement, and the pitmen having corre 
sponding alternating arrangements upon the 
crank-wrists, pump-cylinders cast integral 
with engine-heads in the several rows, and 
pump-wrists on said shaft for driving the 
pumps, each wrist being connected to drive a 
pump in each of said rows. 

10. A high-speed reciprocatory balanced 
automobile-engine having a crank-shaft 
formed with diametrically-opposed wrists, 
pairs of inosculated engine-cylinders having 
pistons directly connected in pairs to each 
crank-wrist, said cylinders disposed side by 
side in a plurality of rows lengthwise of the p 
crank-shaft, the cylinders in one row at an 
angle to the cylinders in another row, a pair 
of pistons in each row being connected to one 
crank-wrist and the other pairin the same row 
being connected to the other crank-wrist, the 

in sufficient number at each revolution of the 
shaft to produce a continuous torque there 
on, and a reciprocating pump grouped with 
each pair of engine-cylinders for charging 
them with mixed air and fuel, said pumps 
having reciprocating pistons and said crank 
shaft having additional wrists for the pump 
pistons, each pump-wrist being diametrical 
ly opposed to its companion crank-wrist, 
each pump arranged in the same row with its 
engine-cylinders, and each pump-wrist driv 
ing a plurality of pumps, one in each of said 
cylinder-rows. 

formed with diametrically-opposed wrists, 
pairs of inosculated engine-cylinders having 

of pistons in each row being connected to 
row being connected to the other crank-wrist, 
the cylinders, pistons and crank-shaft being: 
organized to secure evenly-spaced power 
strokes in sufficient number at each revolu 

pair of engine-cylinders for charging them 
with mixed air and fuel, said pumps having 
reciprocatory pistons and said crank-shaft. 
having additional wrists for the pump-pis 

rows of cylinders. 

cylinders, pistons and crank-shaft being or-. 
ganized to secure evenly-spaced power strokes. 

11. A high-speed reciprocatory balanced 
automobile-engine having a crank-shaft 

pistons directly connected in pairs to each . 
crank-wrist, said cylinders disposed side by 
side in a plurality of rows lengthwise of the 
crank-shaft, the cylinders in one row at an 
angle to the cylinders in another row, a pair. 
one crank-wrist and the other pair in the same 

tons, each pump-wrist being diametrically 
opposed to its companion crank-Wrist, each 
pump arranged in the same row with its pair . 

driving a plurality of pumps, one in each of 

pitmen mounted side by side upon the 
wrist adjoining each engine-wrist. 

12. Engine according to clai 

13. A high-speed reciprocatory balanced 
automobile-engine having a crank-shaft 
formed with diametrically-opposed wrists, i. 
airs of radiating-inosculated engine-cylin 

ders having pistons directly connected in 
pairs to each crank-wrist, said cylinders dis 
posed side by side in a plurality of rows 
lengthwise of the crank-shaft, one row at an 
angle to another, a pair of pistons in each row 
being connected by a pair of pitmen directly 9 
sto one crank-wrist and another pair of pitmen 
in the same row being directly connected to 

) 

said cylinder-rows, the engine-pistons con- : 
nected to pitmen which are placed side by 
side upon each engine-Wrist, the pitmen of 
one pair of pistons alternating with those of 
another pair upon the same Wrist, and pump 

pump 

11, all of 
the engine-cylinders being staggered, and 
the pumps being correspondingly staggered, 
each pair of cylinders forming a single cast 
ing with their companion pump-cylinder, 
and a base having, angularly-disposed faces 
upon which said castings are secured to form 

90 

95 

the other crank-Wrist, the cylinders being 
offset in the different rows, a pump grouped 
with each pair of engine-cylinders for charg 
ing them with measured charges of mixed air 
and fuel, said pumps having reciprocatory 
pistons and said crank-shaft having addi 
tional wrists for the pump-pistons, each pump-wrist being diametrically opposed to 

100 

its companion engine-wrist, each pump being 
arranged in the same row with its pair of en gine-cylinders, and each pump-wrist driving 
a plurality of pumps, one in each of said 
cylinder-rows, the pumps being offset, and 11 - - - 
pump-pitmen side by side radiating from . . . 
each pump-Wrist. . . . . . . . . . . . . . . . . 14. A reciprocatory balanced automobile 
engine including a crank-shaft having dia 
metrically-opposed engine-wrists, pairs of ill 5 
inoscellated engine-cylinders having pistons 
with pitmen directly mounted in pairs upon 

pumps one for each pair of engine-cylinders, 
said pumps having reciprocatory pistons and 

each crank-wrist, said cylinders disposed 
radially side by side in a plurality of rows 
lengthwise of the crank-shaft, a pair of pis 
tons in each row being connected to one en 
gine-Wrist, and the other, pair in the same 
row being connected to the other engine 
wrist, and a set of Fifty charging 5 - 9. 

said crank-shaft having eccentrics forming 
Wrists for pump-piston pitmen, each eccen 
tric being diametrically opposed to the com 
panion engine-Wrist, each pump arranged in o 0. 

110 

120 

  



55 - 
a cylinder and a piston reciprocating there 

s 
the serie row with its engine-cylinders, and 
each eccentric driving a plurality pumps, one 
in each of said engine cylinder rows. . . . 

15. A reciprocatory balanced automobile 
5 engine including a crank-shaft having dia 
metrically-opposed engine-wrists, pairs of in 
osculated engine-cylinders having pistons 
with pitmen directly mounted in pairs upon 
each crank-wrist, said cylinders disposed ra 

.) dially side by side in a plurality of rows 
lengthwise of the crank-shaft, a. p of pis 
tons in each row.being connected to one en 
gine-wrist and the other pairin the same row 
being connected to the other engine-wrist, 
and a set of reciprocatory charging pumps 

of engine-cylinders, said 
g reciprocatery pistons and said 

1,851,547 
opening of said inlet port, two pairs of inos 
culated cylinders being in line with two 
pumps, and two other pairs of inoseulated . 
cylinders and two other pumps being all in 
line, and at an angle to the first set; the pumps 
being between the pairs of cylinders. ... the 
crank-shaft having two: diametrically-op 
posed wrists each connected to four engine 
pistons and two other diametrically-opposed 
wrists each connected to two pumps; each is 
wrist on said shaft being: diametrically op 
posed to the next; all of the engine-cylinders 
having an echelon arrangement; and the 
pumps having corresponding echelon ar 

. . . . . . . BURNHAMC. STICKNEY. 

crank-shaft having eccentrics forming wrists 
for pump-piston pitmen, each eccentric be-, 

9 ing diametrically opposed to the companion 
engine. Wrist, each pump arranged in the 
same tow with its engine-cylinders, and each 
eccentric driving a plurality of pumps, one 
in each of said engine-cylinder rows, the en 

* 3: gine-pitmen mounted side by side upon the 

85 

engine-wrists, the pump-pitmen side by side 
upon the eccentrics, and the engine-cylinders 
ilon. . . . it. A high-speed automobile-engine of the 
flexible class having a crank-shaft, radial . . . . . . 

and pump-cylinders being arranged in eche 

rows of pairs of inosculated cylinders pro- . . . 
vided with pistons, said crank-shaft having diametrically-opposed engine-wrists, the pis . 

3 tons in each pair being connected to the same 
wrists, and the pairs of pistons being mutu 
ally balanced, the cylinders, pistons and 
crank-shaft being organized for producing 
evenly-spaced power strokes in sufficient num 

40 ber at each revolution of the shaft to produce 
a continuous torque thereon, and each engine :05. 
wrist serving for bearing for a plurality of pitmen, diametrically-opposite pump-wrists 
being also provided on said shaft, and pis 

45 tons driven by said pump-wrists for charging . . . 
- linders, a plurality of pump 

pistons being connected to each pump-wrist. . . . . 
17. The combination of a crank-shaft, sets of inosculated engine-cylinders, pistons 

working in said cylinders and driving said . . . 

is the engine. 

shaft, one of theinosculated cylinders in each 
set having an inlet port, and another thereof 
in each set having an exhaust port, pumps 
for mixed air and fuel, one pump for each pair of engine-cylinders, each pump having 

in and connected to said shaft to be driven 
thereby, and a source of supply for the 
pumps, the capacity of each pump being no 

60 greater than the combined capacity of its 
associated engine-cylinders, the delivery of 
each pump being connected to the inlet port. 
of the engine-cylinder by means of a cham 
bered passage in which the charge is stored 

G5 in compressed condition preparatory to the 

25 
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