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UNITED STATES PATENT OFFICE. 
FREDERICK S. DUESENBERG AND AUGUST s, DUESENBERG, of ELIZABETH, NEW 

JERSEY. 

INTERNAL-COMBUSTION ENGINE, 

1,363,500. Specification of Letters Patent, Patented Dec. 28, 1920. 
Application filed April 14, 1913, Serial No. 760,851. Renewed June 24, 1918. serial No. 241,689. 

To all whom it may concern. 
Be it known that we, FREDERICR. S. DUE 

SENBERG and AUGUST S. DUESENBERG, both 
citizens of the United States, and both resi 
dents of the city of Elizabeth, county of 
Union, and State of New Jersey, have in 
vented certain new and useful Improve. 
ments in Internal-Combustion Engines; and 
we do hereby declare that the following is 
a full, clear, and exact description of our 
invention, reference being had to the accom 
panying drawings, and to the numbers of 
reference marked thereon, which form a 
part of this specification. 
Although the evolution of the hydro-car 

bon or internal combustion engine has ad 
vanced far, the practical efficiency of such 
devices is much less than should be expected 
in view of the fuel consumption. This is un 
doubtedly due to several causes, among 
which are incorrect valve construction and 
operation, and the sometimes large expendi 
ture of energy required to operate the 
valves. 

It is also true that in the T head type of 
engines of this class, the area of the cylinder 
exposed to the combustion of the charge is 
relatively large and inaccessible without the 
removal of the cylinder from the base, and 
the accumulation of carbon therein soon de 
tracts from the satisfactory operation of the 
engine. In many such engines also, the fuel 
charge, when admitted must travel a con 
siderable distance before reaching the point 
at which ignition occurs, and after ignition 
the spent gases of combustion are frequently 
retained in the cylinder longer than desir 
able on account of the arrangement of the 
exhaust valve relatively to the inlet valve. 
Many engines of the class, too, are of a com plicated nature, comprising many moving 
parts without adequate provision for thor 
oughly lubricating the same during the op 
eration, with the result, of course, of de 
creased efficiency. Frequently, too, where 
mechanically operated valves are employed 
the operating mechanism therefor, as well 
as the valve stems, are exposed at all times 
to the atmosphere and dust and dirt, and 
consequently imperfect lubrication or fail 
ture of lubrication, seriously affects efficiency. 
Another defect in multiple cylinder en 

gines, is sometimes found in the arrange 
ment of the inlet and the exhaust manifolds, 

the inlet manifold, for example, in a four cylinder engine, requiring four branches 
leading to the respective inlet valves, with 
the effect that imperfect charging of some 
of the cylinders results owing to the longer 
travel required for the incoming gas be 
tween the carbureter and the cylinder to be charged. 

It is an object of this invention to afford 
a multiple cylinder internal combustion en 
gine, in which the inlet valves are arranged 
in pairs in adjacent cylinders, and the ex 
haust valves likewise arranged in pairs in 
the next adjacent cylinders, the exhaust 
valves and the inlet valves being arranged 
in each cylinder in very close relation and 
with the ignition device in very close prox 
imity to the inlet valve, so that the incom 
ing and outgoing gases will travel the short 
est possible distance in the cylinder and in 
a manner to exert the maximum energy of 
E. combustion directly upon the piston 

O. 

It is an object of the invention also to 
afford an engine of the class described com 
prising a plurality of cylinders, and having 
mechanically operated valves in which the 
inlet valve, the exhaust valve, and the spark 
ing element are very closely related, and in 
which the operating means for the valves 
are at all times lubricated, both by direct 
force feed and by splash lubrication. 

It is a further object of the invention to 
afford a relatively narrow combustion cham 
ber directly above the piston and in com 
munication therewith, and having arranged 
in one side thereof inlet and exhaust valves, 
and in the opposite side closely adjacent 
thereto, the sparking device, the side of the 
combustion chamber opposite said valves be 
ing so constructed as to permit of opening 
the same to permit the removal of the valves 
or to permit cleaning of the cylinders and 
combustion chamber. 
The invention embraces many other ob 

jects, which will be more fully understood 
from the accompanying drawings, and from 
the specification, wherein a preferred form 
of our invention is exemplified. 
In the drawings: 
Figure 1 is a front end elevation of an en 

gine embodying our invention, with the 
cover for the gear case removed. 

Fig. 2 is a vertical section thereof. 
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Connected with the respective cranks of 
the crank shaft, are connecting rods 20, of 
course, one for each cylinder, and each en 
gaged with a piston 21, which may be con 
structed in the usual or any suitable man 
ner. The crank shaft is provided on its 
outer end with a gear wheel 22, which 
meshes with a larger gear wheel 23, secured 
on a cam shaft 24, and affording a two to 
one drive therefor, said cam shaft being 
journaled in the crank case extending lon 
gitudinally at the left side thereof, and 
provided with suitable cams for actuating 
the respective valves. Said gears are, of 
course, incased to permit the same to run 
in oil. 

Journaled above the cam shaft, is a tubu 
lar shaft 25, journaled on which are rocker 
arms 26, one for each inlet valve, and one 
for each exhaust valve, the upper, longer 
end of each of which extends into engage 
ment with the outer end of the correspond 
ing valve stem, as shown in Figs 2 and 3, 
while the lower end thereof, which may be 
provided with a suitable anti-friction shoe 
27, extends into bearing against the cam 
shaft in position to be engaged and actu 
ated by the appropriate and corresponding 
cam thereon, so that when the shorter end 
of said lever is actuated by the cam, the 
upper end is thrown inwardly with greater 
velocity, instantly affording full opening of 
the valve actuated thereby, which, upon re 
lease of said rocker arm by said cam, is in 
stantly closed by the action of its valve 
spring 14. 
The bearing on said tubular shaft 25, for 

the rocker arms, is supplied with force 
feed lubrication; so also is the lower end 
of said rocker arm, so that the friction oc 
casioned by the engagement of Said rocker 
arms by the respective cams, is reduced to 
a minimum. For this purpose, as shown, an oil compartment is provided in the bot 
tom of the crank case, an inner floor or bot 
tom 28, being provided therein, as shown in 
Figs. 2 and 8, the space beneath said inner 
floor affording an oil well or container, and 
communicating therewith at the bottom, 
and cored in the side of the cylinder, is a 
casing 29, providing a cylindric bore or 
chamber therein in open communication 
with said oil compartment at its inner side, 
as shown in Fig. 8. Said chamber is closed 
at its bottom by the threaded head 30, of a 
cylindric cage 31, which extends upwardly 
to suitable packing at the top of said cas 
ing to afford a tight joint, as shown in 
F: 8. igidly secured in said casing, and pro 
jecting upwardly through suitable webs 32 
and 33, in the side of the crank case, is a 
cylindric E. barrel 34, which extends to 
near the lower end of the cylindric cage, 

3. 

and is there provided with an inlet passage 
closed by the upwardly opening ball valve 
35, or other suitable valve adapted to per 
mit the inflow of the oil. Within said 
pump barrel is a reciprocating pump rod 
36, which, at its lower end, fits closely in 
said barrel to afford the plunger, and is 
provided with an axial passage therein con 
trolled by an inwardly opening ball valve 
37, and, as shown, said pump rod 36, ex 
tends upwardly with its head 38, in posi 
tion to be engaged by a cam 39, on the cam 
shaft, said cam acting to force the pump 
rod downwardly. A spring 40, rests at one 
end on the Web 33, and surrounds the pump 
barrel, and at its upper end engages the 
head 38, of the pump rod and acts to throw 
the pump rod upwardly affording the in 
take movement of the pump. 
As shown, the inner passage in the plun 

ger communicates in a chamber 41, above 
the plunger, and from which leads a pipe 
42, which communicates in the bore of the 
tubular rocker arm shaft 25, so that the 
bore of said shaft is at all times filled with 
oil. At each bearing of the rocker arm on 
said shaft, an oil port is provided which 
delivers the oil therethrough to the bear 
ing for the rocker arm, as shown in Fig. 12, 
and connected in the hub of the rocker arm. 
bearing, as shown in Figs. 2 and 12, is a 
pipe or tube 43, which leads downwardly 
therefrom along the inner face of the 
rocker arm and delivers oil therefrom to the 
shoe 26, or to the end of the rocker arm en 
gaged by the cam. Of course, the shoe 26, 
may be adjustably secured upon said rocker 
arm, if desired, and if desired, adjusting 
means at the upper end of the rocker arun 
may be provided to vary the bearing of said 
arm on the valve stem. Conveniently also, 
and particularly in the larger engines, an 
anti-friction roller may be provided on the 
lower end of the rocker to minimize fric 
tion from engagement of the cam with the 
rocker for actuating the same. These, in 
engines of smaller size, are, however, not 
necessary. 
Mechanism is provided for mechanically 

regulating the level of the oil in the crank 
case. For this purpose, as shown in Figs. 
2, 6, 10 and 11, a shaft 44 tubular except at 
its ends, is journaled in the crank case con 
veniently near the front side thereof, and is 
held in place by suitable bearings 45, in the 
end of the crank case, and corresponding 
bearings 46, intermediate the ends thereof, 
said shaft fitting closely in said bearings. 
Within the bearing 46, the shaft is slotted 
peripherally for approximately a third of 
the circumference, as indicate at 47, and di 
rectly beneath said shaft an oil port 48, is 
provided through the floor 28, of the crank 
C8Se. 
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vided a crank alm 49, adapted to be 
is pro 
3E 

ally actuated, and if preferred, may have 
connected there with any suitable operating 
means whereby the same nay be operated 
from the operator’s seat, said operating 
means, for oxample, leading to the diasl of 
an automobiie. By means of Said lever, the 

foil retained in the crank case may 

On the outer end of the shaft, 4.4, y 

:linoint of 
be varied at Willi, in a similch as the height of 
the oil in the crank case will always be de 
termined by the longildinal slots 50, in 
Said shaft, through which the oil Éioxys as 
its level and thence thi'ough the peripheral 
slots or O's 4, &nd the ports 47, into the 
bottom oil compartment. Of course, when 
the tubular shaft 44, is of considerable diam 
eter, a depth of oil inay be maintained in the 
Crank case when the slot 50, in the shaft is 
turned upward, equal to the diameter of the 
shaft, aid a less depth of oil may be inain 
tained when the shaft, is rotated to bring 
Said slots 50, near the fiooi' or bottom of 
the crank case. 
When the engine is assembled, and prop 

eilly adjusted a closing plate 51, is secured 
in place, as shown in figs. i and 2, to en 
tirely inclose the rocker shaft, socker airns, 
and all the operating or moving parts of the 
engine, the joints, of course, being prefer 
ably gasketed or being ground down to af 
ford a tight fig and prevent, escape of oil. 
The operation is as follows: 
The entii'e left side of the crafix case be 

ing open, the oil within the crank. case i 
driven into a fine mist, allinost, yaporous i 
character, which at all times bathes all 
Operating parts of the engine, aford 
cient lubrication. The oil failing poil the 
valve Stei)S ii, and passing into the oil 
ports 15, in the sleeves 12, insures cooling 
and thorough lubrication for the valve 
stems, and also lubrication for the point, 
of engagement of the upper ends of the 
rocker arms with the ends of the valve 
stems, while the bearings of the rocker arms 
On the rocker shaft and the point of engage 
ment, thereof with the cams, aire also thor 
oughly lubricated, so that minimizim fric 
tion and resistance is afforded for the oper:- 
tion of the valves. 

Inasmuch as the valves and stems 
bearings therefoir ai'e cooled by the we 
jacket, and oil spray (the inlet vaires a 
being cooled by the expansion of 
carbon mixture), it follows that I { 
direct thrust of the rockey' arm there can be 
no tendency whatever to the Waiping, twist 
ing or Springing of the valve stems, thus 
one very potent source of inefficiency in in 
ternal combustion engines is obviated. Very 
sight power is required for Operating tie 
oil pump whereby the oil is kept, in circula 
tion from the oil weii within the rocker 

$3,50C - < . 3. ...?' - 

shaft, and thence back into the bottom of 
the crank case, for splash lubrication, where 
by the crank shaft, piston and cylinder are 
at all times naintained Satisfactorily lubri 
cated. 

she cycle of operatio: is as usual in four 
{ncie', foul stroke internal combustion 

gines. However, as the inlet manifold 
is but two bi'anches of equal length, owing 
the inlet valves of each pair of cylindel's 

eing piaced adjacent, each other, it follows 
in at all &c.; la Supply of the hydro-carbon 
ix{t}}'e is afforded for each cylinder, thus 

ing uniforn) and eficient operation. 
'J'the:"more, the share and position of the 
"espective relatively high (but inai'i'ow) 
(combi Istion chamber's arranged above the 
: ...is of each cylinder, is such that the inlet 
y’aiye of each cylinder at one side of the 
cornbustioi) chamber, is brought into very 
ciose 'eation with the ignition element, in 
this instance shown as an ordinary spark 

ig for jump Spaldi ig. 

o i 

) 2. 

F 

... ' 

--- rinition, So that when 
the inixtti'e is admitted to the coimbustion 
cil me?' and com}}"essed therein, the igni 
tion einninals of the Spai’k plug are practi 
cally at the center of the compi'essed mix 
ture. This is inapolitant, ins: Simuch as it af 
fords uniform and complete combustion of 
the entire charge instantaneously, the force 
the 'eof being expended directly upon the 
piston head and wholly in line with the axis 

- thei'eo 
rement of valves 

pits: add greatly to the eficiency 
ine, bit a fiti ther and in portant, 

a sincs; ii) whicl. 

ed. in a sil 
st inay ic 'emoved, when desired, 

reby perinitting the 'enac, Val and replace 
i:) ent of the Yalves thei'ethrough, and a 
well the combustion chamber may be cleaned 
when desired, through said apertures, thus 
enabling the engine to be maintained in a 
Satisfactory operative condition and tho 
olighly cleaned within, without the necessity 
of disassembling the engine by removing the 
cylinders from the crank case. 

in act lai Operation, an engine elabodying 
the consistiction herein described, has been 
found by test to afford a large percentage of 
ficiency over engines of other coinstructions. 
We ascribe this largely to the 'elation and 

collabastion of each cylindel', it the loca 
tion of the ignition device proximately 
at the centei of the coin;pressed inixture. and 
the quick and easy acting valve mechanism. 
C couise, it is to be inderstood that de 

tails of the construction will vary to con 
siderable degree with the size of the engine. 
For example, it is desirable to provide rolliers 
oil the can ends of the 'ocker a:ns for large 
inits and, in some instances, force feed lubri 
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cation may be used elsewhere than as shown 
and described. We have, of course, shown 
but a preferred form of our invention, but 
we do not purpose limiting the patent other 
wise than necessitated by the prior art. 
We claim as our invention: 
1. In a device of the class described, a 

crank case, a plurality of integrally connect 
ed cylinders mounted thereon and formed at 
their upper ends into narrow vertical com 
bustion chambers, a crank shaft journaled in 
said crank case, pistons in said cylinders con 
nected to drive said crankshaft, horizontally 
operating inlet and exhaust valves control 
ling the inlets and outlets of said respective 
combustion chambers, and spark plugs dis 
posed in said chambers opposite said inlet 
valves. 

2. In a vertical engine of the class de 
scribed, a cylinder, a narrow offset compart 
ment formed integrally at the upper end 
thereof, horizontally disposed inlet and ex 
haust valves communicating therein, a Water 
jacket surrounding said cylinders and the 
inlet and outlet passages controlled by said 
valves, and removable closures disposed op 
posite each of said valves in said compart 
ments permitting ready inspection of said 
compartments and valves without interfer 
ence with said valves. 

3. An engine of the class described, em 
bracing upright cylinders, side by side, 
parallel and horizontally operating me 
chanically actuated inlet and exhaust valves 
for each cylinder, threaded closures opposite 
both valves to permit removal of a valve 
therethrough and the inspection of the cyl 
inder and combustion chamber, and a spark 

5. 

plug connected in one of said plugs for each 
cylinder. 

4. An engine of the class described, com 
prising a cylinder, a narrow offset vertical 
compartment formed at the upper end there 
of, a pair of valves mounted therein control 
ling the inlet and outlet to said compartment 
for said cylinder, said valves mounted 
transversely the axis of the cylinder, remov 
able plugs for said compartment one op 
posite each of said valves, and an ignition 
means projecting into said compartment 
through one of said plugs substantially at 
the center thereof. 

5. In an engine of the class described, a 
cylinder, a narrow vertical compartment 
formed above the upper end thereof and off 
Set from the axis of the cylinder, inlet and 
outlet valves mounted transversely of the 
engine communicating with said compart 
ment to control the flow to and from the cylinder through the compartment, said 
compartment having ports in the walls 

40 
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thereof one opposite each of Said valves, 
removable plugs closing said ports, and an 
ignition device mounted in one of said plugs 
opposite the inlet valve to fire a charge for 
the cylinder, compressed in said compart 
ment. 

In testimony whereof we have hereunto 
subscribed our names in the presence of two 
subscribing witnesses. 

FREDERICK S. DUESENBERG. 
AUGUST S. DUESENBERG. 

Witnesses: 
E. J. MARTEN's, 
B. JoNEs. 
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