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UNITED STATES 

2,099,371 
PATENT OFFICE 

2,0993 
DESEL ENGINE 

Ransom E. Olds, Lansing, Miche, assignor to Hill 
Diesel Engine Company, Lansing, Mich., a cor 
poration of Michigan 

Application August 27, 1934, Serial No. 740 
2 Claims. 

This invention relates generally to internal 
combustion engines and refers more particularly 
to Diesel engines of the two-cycle double piston 
type. 
The basic principles as well as the particular 

advantages of the two-stroke cycle for Diesel en 
gines over the four-stroke Diesel have long been 
recognized and one of the most important ad 
Wantages is that the power output having a given 
piston displacement will be twice as great in the 
two-stroke cycle engine as in the four-stroke en 
gine, due to the fact that every stroke of the 
piston in a direction away from the compression 
chamber in a two-stroke cycle engine is a power 
stroke, as distinguished from a four-stroke en 
gine wherein only every other stroke of the piston 
away from the compression chamber is a power 
stroke. Consequently, the two-stroke cycle en 
gine will produce the same uniformity of torque 
on the crank shaft as the four-stroke engine, 
with only half the number of cylinders, and 
minimizing the number of cylinders is of par 
ticular importance in a Diesel engine, since it 
permits correspondingly reducing the number of 
fuel injector pumps and injector valves. 
The advantage of a two-cycle engine having 

two pistons in each cylinder respectively, con 
trolling the intake and exhaust ports adjacent 
opposite ends of the cylinder, over the conven 
tional two-stroke engine of the type having both 
the inlet and exhaust ports arranged to be con 
trolled by a single piston operating in the cylinder 
will be readily apparent when considering that 
in the former type of engine the differential 
port timing, essential for supercharging, may be 
Secured by operating the piston controlling the 
exhaust port in advance of the piston controlling 
the intake port so that the former port may 
be opened prior to the latter port and closed 
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before the latter port. This latter arrangement 
when combined with a scavenging pump of proper 
capacity at the intake port permits forcing a 
charge of fresh air into the cylinder greater than 
the maximum cylinder volume at atmospheric 
pressure and temperature. This supercharging 
action cannot be obtained in the conventional 
two-stroke engine utilizing a single piston in the 
cylinder for controlling both ports, since with 
such an arrangement the exhaust port must 
open before the inlet port, and as a consequence 
will close later than the inlet port. 
The present invention contemplates a double 

piston two-stroke engine possessing all of the 
foregoing, as well as the numerous other ad 
vantages peculiar to two-cycle engines incorpo 
rating two pistons in each cylinder, and in addi 
tion contemplates simplifying, materially reduc 
ing the cost of manufacture and providing a more 
compact engine of substantially less weight than 
heretofore produced. 

(C. 123-51) 
One of the principal features of the present 

invention which contributes materially to Se 
curing the advantages set forth in the preceding 
paragraph resides in the relatively simple and 
novel means provided for establishing an Op 
erative connection between the opposed pistons 
and the crank shaft of the engine. 
A further advantageous feature of this inven 

tion which contributes materially to reducing the 
weight of the engine without sacrificing rigidity 
resides in the novel means provided for relieving 
the cylinder block and associated parts of the 

tively high compression pressures developed in 
the cylinders. 
The foregoing as well as other objects Will be 

made more apparent as this description pro 
ceeds, especially when considered in connection 
with the accompanying drawings, wherein: 

Fig. 1 is a semi-diagrammatic elevational view 
of the rear end of a Diesel engine constructed 
in accordance with this invention; 

Fig. 2 is a vertical transverse sectional view 
of the construction shown in Fig. 1; 

Fig. 3 is a vertical longitudinal sectional view 
taken substantially on the line 3-3 of Fig. 2; 

Fig. 4 is a sectional view taken substantially 
on the line 4-3 of Fig. 2; 

Fig. 5 is a sectional view taken substantially on 
the liness of Fig. 4. 

For the purpose of illustration I have shown 
a two-cycle Diesel engine of the type having 
horizontally disposed cylinders and having two 
opposed pistons in each cylinder operatively con 
nected to a common crank shaft extending at 
right angles to the axes of the cylinders inter 
mediate opposite ends of the latter. Before dis 
cussing the detailed construction of the particul 
lar engine selected herein for the purpose of 
illustration, it may be pointed out that the prin 
ciple of unifiow scavenging is utilized in that the 
air intake or transfer port is located adjacent 
one end of the cylinder to be controlled by one 
of the pistons in the cylinder and the exhaust 
port is positioned adjacent the opposite end of 
the cylinder to be controlled by the other piston 
in the cylinder. The two pistons cooperate with 
each other in the innermost positions thereof to 
form a compression chamber of the desired size 
Substantially centrally within the cylinder oppo 
site a suitable fuel injector, and the crank is so 
designed as to effect a phase difference of ap 
proximately 15 degrees between the motions of 
the two pistons. In the specific construction 
shown herein the piston controlling the exhaust 
port is operated in the cylinder in advance of 
the other piston so that it necessarily follows that 
the exhaust ports are not only opened ahead of 
the inlet ports, but are also closed before the 
latter ports, permitting the cylinder to be effec 
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2 
tively supercharged by employing a scavenging 
pump of greater capacity than the displacement 
of the working cylinders. 

Referring now more in detail to the particular 
construction of the engine forming the subject 
matter of this invention, it will be noted that the 
Same comprises a crank case and a cylinder 
block suitably removably secured to the crank 
case. In the present instance a two cylinder 
engine is selected for the purpose of illustrating 
the invention, and accordingly, two cylinders 2 
are shown as cast in the block in juxtaposition 
to each other with jackets 3 for a cooling me 
dium surrounding each cylinder. As shown par 
ticularly in Figs. 2 and 3, the cylinders are cast 
in the block with the axes thereof extending sub 
stantially horizontally in parallel relationship and 
each cylinder communicates intermediate the 
ends thereof with a fuel injector 4 supplied 
With fuel under pressure from a pump 4a and 
which may be of any one of the various different 
accepted types. Although it is not the intention 
to limit this invention to engines having hori 
ZOntally extending cylinders, nevertheless, such a 
disposition of the latter is advantageous when it 
is desired to install the engine in a space of 
limited vertical dimension. 
Surrounding each of the cylinders 2 upon op 

posite sides of the fuel injector 4 are intake and 
exhaust chambers 5 and 6 respectively, com 
municating with the interior of the cylinders 
adjacent opposite ends thereof through the me 
dium of intake and exhaust ports 7 and 8 re 
Spectively. Both of the aforesaid chambers are 
cast in the block in such a manner that a sub 
stantial portion of the wall area, thereof is ex 
posed to the cooling medium adapted to be cir 
culated through the water jackets 3, and the 
intake and exhaust ports of each cylinder are, 
respectively, controlled by a pair of pistons 9 
and 20 mounted in opposed relationship in each 
cylinder. In addition to controlling the intake 
and exhaust ports, the opposed pistons in each 
cylinder cooperate with each other to form the 
proper combustion space opposite the points of 
Communication of the fuel injector pumps with 
the cylinders, as clearly shown in Fig. 2. 

In general, when the opposed pistons are in 
their outermost positions in the cylinders both 
the intake and exhaust ports are opened permit 
ting air to flow through the cylinder under the 
preSSure of a Scavenging pump (not shown) com 
municating with the intake chambers and driven 
from the crank shaft of the engine in any suit 
able manner. As will be more fully understood 
from the description of the crankshaft, to be 
presently described, the pistons 20 controlling 
the exhaust ports 8 operate in advance of the 
pistons 9 controlling the intake ports 7, so 
that upon inward movement of the two pistons 
the exhaust ports are closed before the intake 
ports permitting the scavenging pumps to build 
up a charge of air in the cylinders between the 
Opposed pistons greater than the volumetric effi 
Ciency of the space between the pistons so as to 
obtain the desired supercharging action. Upon 
continued movement of the pistons in the cylin 
ders toward each other, the intake ports are of 
Course closed, and the air trapped between the 
pistons is compressed into the relatively small 
combustion chambers existing between the heads 
of the pistons in the innermost positions of the 

AS previously stated, the construction is 
Such that the combustion chambers, resulting 
from moving the pistons to their innermost posi 

2,099,871 
tions in the cylinders, register with the fuel in 
jector pumps (3, and the operation of the latter 
is so timed with respect to the piston travel as 
to inject fuel into the extremely high pressure 
areas between the heads of the pistons in their 
innermost positions. The air in the cylinders is 
compressed by the opposed pistons to such an 
extent that the temperature thereof is sufficiently 
high to ignite the fuel as the sarae is injected 
into the combustion chambers. The pressure in 
the combustion chambers is, of couise, further 
increased by the burning of the fuel and the 
construction is such that peak pressure is 
reached in the combustion chambers when the 
pistons have started on their power Strokes So as 
to transmit maximum torque to the crank shaft 
of the engine. 
The crank shaft of the engine is perhaps best 

shown in Fig. 3 and is designated herein by the 
reference character 25. As will be observed from 
this figure, the axis of rotation of the crank shaft 
25 extends at substantially right angles to the 
axes of the cylinders 2 intermediate the ends of 
the latter, and the opposite ends of the crank 
shaft are journaled in suitable bearings 26 cast 
integral with the crank case G. The shaft 25 has 
four throws, designated in Fig. 3 by the reference 
characters 2, 28, 29 and 38. Two of these throWS 
28 and 3 are respectively, operatively connected 
to the pistons 20 in the two cylinders, while the 
other throws 2 and 29 are, respectively opera 
tively connected to the pistons 9 in the cylinders. 
The throws are so arranged that the Opposed pis 
tons in both cylinders move in the Same direction, 
but the throws 2, and 29 controlling the move 
ment of the pistons 49 in the cylinders are disposed 
approximately 15 degrees back of the throws 28 
and 3. So as to effect a phase difference of approx 
imately 15 degrees between the motions of the 
pistons 9 and 20. In other words, the throws of 
the crank for operating the pistons controlling 
the exhaust ports are disposed in advance of the 
throws for operating the pistons controlling the 
intake ports, so that the exhaust ports will not 
only be opened before the intake ports for scaV 
enging purposes, but will also be closed before te 
latter ports for supercharging purposes. 

Referring now more in detail to the parti?,ular 
means for operatively connecting the several 
throws on the crank shaft to the pistons in the 
cylinders, it will be noted that this means con 
prises two pairs of rock arms, designated in Fig 
ure 1 by the reference characters 35 and 36. The 
pair of rock arms 35 is journaled upon a shaft 37 
mounted upon one Side of the engine With its axis 
extending substantially parallel to the crankshaft 
axis and the pair of rock arms. 36 is journaled 
upon a similar shaft 38 mounted upon the opposite 
side of the engine With its axis in parallel rela 
tion to the axis of the shaft 37. The upper ends 
of the rock arms 35 are respectively, connected to 
the pistons 9 in the two cylinders 2 in such a 
manner that, as the arms are rocked about the 
axis of the shaft 37, the pistons 9 travel axially 
of the cylinders 2. The lower ends of the rock 
arms 35 are respectively, connected to the throws 
27 and 29 of the crank shaft through the medium 
of suitable connecting rods designated in Figure 2 
by the reference character 39. The upper ends 
of the pair of rock arms 36 are respectively, con 
nected to the pistons 20 in the cylinders f2 for 
reciprocating the pistons axially of the cylinders 
upon rocking movement of the arms and the re 
quired rocking movement of the arms is effected 
by espectively, connecting the lower ends of the 
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2,099,871. 
arms to the throws 28 and 30 through the medium 
of the connecting rods 40. Inasmuch as the 
throws 28 and 30 are arranged slightly ahead of 
the throws 2 and 29, and in view of the fact that 
the pistons 20 controlling the exhaust ports are 
directly connected to the former throws through 
the medium of the rock arms 36 and associated 
linkage, it necessarily follows that the pistons 20 
will be operated slightly ahead of the pistons 9 
during the working cycle so as to provide the dif 
ferential port timing required for supercharging. 
Although every effort is made to operate the 

engine With as little compression pressure as is 
practical in order to keep down maximum cylin 
der pressures, and thereby reduce stresses on the 
engine parts, nevertheless, these stresses are rela 
tively high in Diesel engines, and as a conse 
quence, rigidity is an important factor in design 
ing Diesel engines. By reason of the construc 
tion Set forth in the preceding paragraph, it will 
be noted that practically all of the stresses, result 
ing from compression pressures in the present 
engine, are transmitted to the shafts 37 and 38 by 
the Opposed pistons in the cylinders. Conse 
quently, the rock shafts are so supported as to 
effectively take the maximum stresses without 
transferring the latter to the crank case or cyl 
inder block. The required rigidity of the shaft 
mountings is obtained herein by supporting each 
of the shafts 37 and 38 at three distinct points 
upon Opposite sides of the engine. As shown in 
Figure 5, each of the shafts is supported at a point 
between the rock arms thereon by means of an 
intermediate bearing block 4 and at the free ends 
thereof by similar bearing blocks 42. Each of the 
bearing blocks is rigidly clamped to the engine by 
means of a rod 43 extending through openings 
formed in the cylinder block below the cylin 
ders 2 and having the opposite ends extending 
through the bearing blocks and shafts 37 and 38. 
The free ends of the rods projecting beyond the 
bearing blocks are threaded for receiving the 
clamping nuts 44 and accidental displacement of 
the latter is prevented by means of the pins 45 
extending transversely through the ends of the 
rods and clamping nuts. 
asSociated parts thereof previously described are 
concealed by housings 47 suitably removably se 
cured to opposite sides of the engine. Thus it will 
be apparent that each of the bearing blocks for 
Supporting the shaft 37 and the corresponding 
bearing blocks for supporting the shaft 38 is 
clamped to opposite sides of the engine by com 
mon bolts in the form of rods extending entirely 
through the cylinder block. The arrangement is 
such that the stresses, resulting from the rela 
tively high compression pressures in the cylinders 
and exerted on the pistons f9, is opposed, through 
the rods 43, by the stresses exerted on the pistons 
20, thereby relieving the cylinder block and asso 
ciated engine parts from the maximum stresses. 
This feature is of importance, since it offers the 
possibility of forming the cylinder block, and asso 
ciated engine parts of lighter construction with 
out Sacrificing the rigidity required to withstand 
the relatively high stresses resulting from high 
compression pressures developed in the cylinders. 
In Fig. 3 of the drawings, I have shown a gear 

48 keyed or otherwise suitably secured to the 
crank shaft 25 and adapted to mesh with the 
gear 49 fixedly secured to an accessory shaft 50. 
The accessory shaft 50 is employed to drive the 
fuel pumps 4 and may also be utilized to operate 

The bearing blocks and 
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a governor (not shown). In the present instance, 
the engine is provided with a second accessory 
shaft 52 having a gear 53 fixed thereto, and mesh 
ing with the gear 49. The second accessory shaft 
52 is utilized to operate the generator 54, and 
may also be employed to operate oil and water 
pumps (not shown). 
Thus from the foregoing it will be observed 

that I have provided a relatively simple and 
inexpensive two-cycle double piston engine of 
the Diesel type capable of being installed in a 
relatively Small space due to the compact nature 
of the same. . It will further be observed that the 
Several parts of the engine, including the cylinder 
block and crank case, may be formed relatively 
light Without sacrificing rigidity due to the novel 
manner in which the stresses, resulting from rela 
tively high compression pressures developed in 
the cylinders, are dissipated. 
What I claim as my invention is: 
1. In an internal combustion engine of the 

Diesel type, a block having a pair of parallel 
cylinders extending therethrough and open at 
their opposite ends, each of Said cylinders having 
a central fuel injection port and air intake and 
exhaust ports symmetrically arranged on oppo 
site sides thereof, a crank shaft having its axis 
extending transverse to the axes of the cylinders 
at one side and centrally thereof, said crank shaft 
having oppositely arranged throws slightly dis 
placed from an angle of 180°, opposed pistons in 
said cylinders cooperating with each other in the 
inn Ost position thereof to form a combustion 
chamber, Walking beams arranged at opposite 
ends of the block, one end of each being connected 
with a piston, rods connecting the opposite ends 
of Said walking beams with said crank throws, 
shafts on which said walking beams are full 
Crunned and tie rods connecting said shafts and 
extending therethrough, said tie rods being ar 
ranged on opposite sides of said walking beams. 

2. In an internal combustion engine of the 
Diesel type, a block having a pair of parallel 
cylinders extending therethrough and open at 
their opposite ends, each of said cylinders having 
a central fuel injection port and air intake and 
exhaust ports symmetrically arranged on opposite 
sides thereof, a crank shaft having its axis ex 
tending transverse to the axes of the cylinders 
at one side and centrally thereof, said crankshaft 
having oppositely arranged throws slightly dis 
placed from an angle of 180, Opposed pistons in 
said cylinders cooperating with each other in the 
in most position thereof to form a combustion 
chamber, walking beams at opposite ends of said 
block, one end of each being connected to a pis 
ton, rods connecting the opposite ends of said 
walking beams with said Crank throWS, the an 
gular displacement of said crank throws with 
respect to each other being Such as to cause 
the exhaust ports to open and close respectively 
before and after the Opening and closing of the 
intake port, shafts on which said walking beams 
are fulcrumed, bearings for said shaftS on oppo 
site sides of Said Walking beams and abutting 
against said block, a tie connection between said 
bearings comprising rods extending therethrough 
and through said shafts in the axial planethere 
of, and clamping nuts engaging threaded ends of 
Said rods to hold said bearings against Said block 
and to transmit stresses between the fulcrums of 
the opposite walking beams. 
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