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28 Claims,
1 |

This invention relates to internal combustion
engines and refers more particularly to improve-
ments in aircraft engines although not neces-
“sarily limited thereto in its broader aspects. |

One object of our invention is to provide an
engine of the tandem cylinder liquid cooled type
having improved power output bper pound of
weight accompanied by improved rigidlty of the
casing structure.

Heretofore, aircraft engines of the tandem cyl-
inder type are known to have considerable flex-
ing or distorting in the engine casing during
normal engine operation. This flexing causes
misalignment of the crankshaft bearings, intro-
duces undesired load concentrations and failures
at various regions in the casing and other en-

(CL. 123—55)
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15

gine parts, requires crankshaft counterweight- -

ing to an undesired and objectionable degree,
gives rise to power losses within the engine, ren-
- ders difficult the design of a properly function-
ing engine mounting system,. and is otherwise
objectionable.

Another object of our invention is to over-
come the aforesaid defects and objections. Our
invention is characterized by a casing structure
of great rigidity, especially torsionally, and also
transversely and longitudinally.,

In carrying out our invention we have provided
a crankcase casting of novel double wall rigid
construction jacketed for cooling the cylinders
so as to dispense with the conventional cylinder

20
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block. A further important characteristic resides o

in the provision of a novel construction of crank-
shaft main bearing pedestal of approximate py-
ramidal or X-brace construction serving {o rigid-
ly connect the main bearings with the double
walls and with portions of the case which sup-
port the cylinders and which take the forces in-
cident to combustion chamber- pressure acting on
the cylinder heads. |

An additional object is to provide an improved

aircraft engine of the so-called V-type prefer-.

ably inverted such that the cylinders extend
downwardly from the crankshaft.

A further object is to provide an improved air-
craft engine of the tandem cylinder type having

39
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‘& casing of sufficient strength and rigidity such °

that the useful power output is delivered from
the longitudinal mid-region of the crankshaft
-with many resulting advantages including engine
balance and minimization of vibrations. -
Another object is to provide g casing structure
incorporating a novel system of lubricant and
cooling medium distribution; also incorporating
means for collecting oil particles and separating

60
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them from gases in the crankcase thereby pre-
venting loss of oil through the crankcase breather
system and. facilitatlng the operation of the scav-

. enging system.

Other objects are to provide simplified and im-
proved construction and arrangement of valve
gear and drive therefor especlally adapted for
engines of the V-type.

- PFurther objects and advantages of our inven-
tion will be more apparent as this specification
progresses, reference being made to the accom-
panying drawings which illustrate one embodi-

ment of our invention and in which: |
- Fig. 1 i1s a side elevational view of our engine.

Fig., 2 is a typical sectional elevational view
through the engine at a plane containing a pair
of V-arranged cylinders, the view being taken as
indicated by line 2—2 of Fig. 1.

Pig. 3 is a perspective view of a portion of the
crankcase, parts being broken away. |
~ Fig. 4 is a sectional plan view of the case struc-
ture taken approximately as indicated by line
4—4§ of Fig. 5.

Pig. 5 is a sectional elevational view of the
case structure taken through a typical main bear-
ing of the crankshaft such as indicated by lme
9—35 of Fig. 1.

Fig. 6 is a seétlonal elevational view of the

-case taken through the general mid-region of the

engine as indicated by line 8—86 of Fig. 7, certain
of the gears being omitted. |
Fig. 7 is a sectiona)] elevational view of & por-
tion of the engine, the view being taken as indi-
cated by line T—1 of Fig. 2.
Fig. 8 is a sectional view generally similar to
Fig. 6, omitting  the Fig. 6 gearing but includ-

ing the balance of the gearing at the mid-section

of the engine.

Fig. 8A Is a detail sectional plan view taken
as Indicated by line 8A—8A of Fig. 8. | -

Pig. 9 is a detail perspective view of a portion
of the crankshaft main bearing support for the
bearings adjacent the gearing shown in Fig. 7.

BFig. 10 is a sectional elevational view illustrat-
ing a typical drive for one of the scaven'n'ing oil
pumDS |

Referring 1;0 the drawings we have illustrated
our Invention in the form of an aircraft engine,
the particular engine chosen for illustrative pur-
poses having sixteen liquid-cooled cylinders ar-
ranged in two banks of eight cylinders, each bank
having its cylinders disposed in-line or tandem.
The cylinders of the banks are shown arranged
as an inverted V with a 60° included angle. Many
of the features of our invention may be employed
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to advantage in an engine of the upright V-type
or in engines having a single bank of cylinders-
in-line. -

‘The engine comprises eight pahs of transverse-
ly contiguous V-arranged cylinders A, B, the cyl-
inders of each pair have their axes disposed in

a plane perpendicular to the longitudinal verti-
cal mid-plane of the engine and the cylinders of
each of the two banks have their axes disposed
in a common plane extending longitudinally of
the engine. Each cylinder A or B slidably re-
ceives & working piston 20 or 21 respectively,
the pistons of each contiguous pair of cylinders
A, B operating through a connecting rod 22, 23
bearing on the same throw or crank 24 of the
eight-throw crankshaft C which is journalled ad-

jacent each throw by a crankcase main bearing

D, the two bearings immediately adjacent the
gearing shown in Fig. 7 being designated as D’.
One of the connecting rods of each pair, such

10

20

as the connecting rods 22, has its crankshaft-

connected end forked to straddle the plain jour-
nalling end portion of the other connecting rod
23 associated therewith.

The crankcase or case E comprises a unitary
casting of a light weight alloy such as the com-
mercial alloys of aluminum or magnesium. This
case has a pair of transversely spaced longitu-
dinally extending hollow reinforcing side struc-
tures 25, 26 each formed with a double wall com-
prising an upright outer wall 28. These walls
are merged together at the top of the case to
form & seat 28 (Fig. 3) for receiving the pan 30
secured by fasteners 3t such that the pan pro-
vides a closure for the upwardly open case E.

E.ch of the hollow side structures 295, 26 is
formed with an upper transversely concave
crankshaft-chamber-bounding hollow portion
adjacent the crankshaft chamber 32 and a lower
cylinder-bounding hollow portion adjacent the
- cylinders A and B respectively. These upper and
Jower hollow portions extend generally the length
of the casting, portions of the inner walls of these
hollow portions curving or sweeping inwardly
-~ toward each other as will presently be more ap-
parent. |

20
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The upper portion of each hollow side structure |

25, 26 is defined by those portions which extend
from. the annular seats 33 to the pan seat 29
-whereas the lower portion of each hollow side
- structure is defined by those portions which ex-
- tend from the annular seats 33 to the plastic
sealing rings 34 for the cylinder heads F. The
outer wall 28 of each hollow side structure 25,
26 slopes downwardly and outwardly from pan
seat 29 to provide the outer boundary of the upper
and lower hollow portions of such side structure,
this outer wall being directed inwardly at the
bottom to merge with the inner wall at the seal
34. The inner walls 27 at the upper portions of
the two hollow side structures 25, 26 are so con-
structed and arranged as to directly tie together
“the two seats 33 of each transversely aligned
pair of V-arranged cylinders A, B with those
main bearings D which are disposed immediately
adjacent such cylinders. Furthermore, the inner

- walls 2T at the upper portions of the two hollow -

~side structures 25, 26 directly tie together the
four seats 33 of adjacent transversely aligned
-pairs of V-arranged cylinders A, B with that
“main bearing D which is disposed between such
adjacent pairs of cylinders so as to form a hollow
pyramidal pedestal or support G of X-brace effect
between these cylinder loaded casing regions and

o0
b3

60

| 4 | *
the main bearing. The latter is modifled for ad-
jacent pairs of V-arranged cylinders which are
located at the longitudinal central region of the
casing where, as illustrated, power takeoff gear-

Ing is disposed at this region. In this event each

crankshaft bearing D’ adjacent the gearing is

directly connected with the cylinder seats of that

palr of V-arranged cylinders which lies imme-
diately adjacent such bearing D’ by a pedestal
support G’ as will presently be more apparent.
Each main crankshaft bearing D comprises a
bearing cap 3% of general rectangular formation
formed with the downwardly open hemi-cylin-
drical bearing portion 36 complemental with the
upwardly open bearing part 37 depending from
the horizontal face 38 of the casing structure.

- The latter also has the side boundary faces 39,

29’ which, along with face 38, receive the cap
35 in the approximately rectangular trough thus
formed by these faces. The bearing cap is locat-
ed in position by dowels 40 (Fig. 5) and held se-
curely in position by a pair of upright fasten-
ers 41 which enter the casing adjacent bearing
portion 37 and by a pair of transversely extend-
ing tension ftle-rods 42 (Fig. 7) which extend
between the hollow side structures 25, 26 and
which pass through cap 35. These rods stress
the side structures toward each other and are
under initial tension. They also serve to rein-
force the casing, add rigidity thereto, and divide
portions of the bearing load between the side
structures.

The faces 38, 39, 389’ are formed on a relatively
heavy or thickened section of the casing 48 (Figs.
5 and 7) which extends around the bearing por-
tion 31. The inner walls 21, adjacent a pair of
the V-arranged cylinders A, B, are horizontally
arched between the faces 39 of adjacent main
bearings and between faces 39’. These arched
wall portions continue inwardly below face 38
and bearing portion 37 to intersect or merge at
44. These arched wall portions also flare or
sweep Into the thickened annular casing por-
tions 48 formed with shoulders 33. The portions
4% merge at 48’ hetween the adjacent V-arranged
cylinders at which region the intersecting por-
tions 44 also merge into the upper face of the
intermediate portion 45’ (Figs. 2, 3).

The desired hollow or double wall reinforce-
ment is preserved along the hollow side struc-
tures 25, 26 adjacent the crankshaft bearings by

reason of the successive horizontally arched por-

tions of the inner walls 27 merged at their ad-
jacent ends between adjacent cylinders A and
between adjacent cylinders B as at 46 (Figs. 4,
9). The oppositely disposed inner walls 27 are
joined at 43 (F'igs. 5, 7) at the apex of the pyram-
idal bearing support G immediately below each
bearing portion. 37T and then separate therebelow
to provide the pyramidal support of hollow for-
mation as at 48,

The upper hollow portions of the side struc-

- tures are further formed with horizontal walls

65
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49 projecting as inner extensions of the pan seat
29 to the upright walls formed with faces 39, 39’

respectively, the walls 49 merging with the up-

per ends of the horizontally arched portions of
the inner walls 27. At the mid-region corre-
sponding horizontal walls 88 (Figs. 3,6, 8) main-
fain their transverse width beftween th: beor-
ings D)’ as there is no crank throw at this region.

In order to reinforce the hollow side structures
29, 26 the component walls 27 and 28 are inte-
grally connected by & plurality of floors or hori-
zontal walls. The upper portions of these side
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structures are therefore formed with vertically
spaced.horizontal brace walls 61, §2.

The | walls 51 join the successlve horizontal
arched portions of the inner walls 21 with the
associated outer walls 28. At the sections con-
taining the main bearings D (Fig. 5) the walls 6
laterally brace the hollow side structures 28, 26
in substantially a horizontal plane containing
the axis of rotation of the crankshaft C. At these
same sections the walls lil have one or more open-
ings 53.

The walls 52 join the outer walls 28 with the
‘thickened annular casing portions 48, the walls
52 sloping inwardly and downwardly from the
outer walls. These walls therefore assist in tie-
ing the hollow side structures directly into the

case regions which are loaded by the cylinders,

these regions being tied into the pyramidal bear-

ing supports G. Outer portions of the walls 52
also serve as top walls of coolant headers or gal-
leries 54 respectively formed in the lower portions
of the hollow side structures and inwardly of
these galleries, at transverse sections containing
the main bearings D (Fig. 5), each of the walls
52 has one or more openings 55 extending down-
wardly therethrough.

At the transverse engine sections containing

the axes of each V-arranged palr of cylinders
(Fig. 2), there is also provided vertical webs 36,
51 for each of the side structures 28, 26. The
webs 56 rise from each floor 51 and join the up-
wardly converged walls 27, 28 of the associated
side structure and are provided with one or more
openings 58 longitudinally therethrough. The
webs 571 depend from floor 51 to merge with floor
52 through the hollow bosses §9 which extend
through the respective side structures 2%, 26 in
the transverse sections of which Fig. 2 is typlcal,
the webs 571 also merging with the associated In-
ner and outer walls 21, 28 and being provided with
openings 60 similar to openings 58 for webs §6.

One or hoth of the hollow side structures 28,
26 is or are provided with a longitudinally extend<
ing Iubricant feed gallery. In our present em-
bodiment the side strucfure 25 is thus formed
with lubricant feed gallery 61 formed as a hollow
. boss within this side structure merging with wall
28 and floor 51 and extendlng for the longitudi-

nal length of the casing E.

The arching portions of each of the inner walls
21 between pairs of adjacent bearings D are each
provided with two upper and lower pairs of open-
ings 62 and 63 respectively. The Inner walls 21,

between each pair of adjacent bearings D, merge

together at the bearing supports G and annular
casing portions 45 so as to form a crankcase come-

partment for the assoclated crank throw and up-
wardly opening pair of associated cylinders A and

B. Therefore there are successive crankcase com-
partments thus formed along.the engine, these
compartments heing portions of the crankshaft
chamber 32. The openings 62 extend obliquely of
the casing E adjacent each bearing D so as to
open each crankshaft chamber compartment with
the uppermost hollow gallery of each side struc-
ture 25, 26, these galieries lying above floor §i.
Adjacent compartments have the openings 62,
which lie adjacent the common dividing hearing
D, directed toward each other but not in axial
alignment with each other. Such openings are

preferably directed toward, portions of wall 28

which bound the uppermost gallery at each side
structure in the general region thereof contain-
ing the plane of an associated bearing D, such
region lying between a pair of adjacent webs §8.

The openings €3 are similarly arranged in asso-

ciation with the lower galleries lying between
floors §1{, §2 of each side structure 28, 26 and with

. portions of walls 28 which hound such galleries

10

between adjacent webs 51.

By reason of the foregoing arrangement the
pulsations in each of the crankcase chamber par-
titions, incident to the pairs of pistons 20, 21 al-
ternately tending to compress and rarify the gases
and oily vapors in these compartments, are re-
lieved. Adjacent comparitments are open to each

- other by reason of the openings 62, 63 and the

15

20

galleries of the upper portion of each of the side

structures 25, 26 so that the olly vapors and gases

are free to surge back and forth between adjacent

and other compartments as dictated by the

pumping action of the various pistons, thereby
relieving positive and negative pressure tenden-

‘cles in the compartments. Furthermore, the ob-

lique direction of openings 62, 63 is not only such
as to expedite free surge between the compart-
ments but causes the oily particles to separate
from the gases due to the impingement on walls

- 28 and also by action of centrifugal force inci-

25

dent to the change in direction of the surge path

~ in travelling between openings 62, 63 of different

30

35
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compartments. Such arrangement prevents ob-
jectionable loss .of oll through the crankcase

breathers of known construction (not shown) and

also aids the oll scavenging system and general
ventilating of the crankcase. The oil separated
out at walls 28, and at walls 21, is collected in the
galleries for drain back to the oil pumps, here-
inafter referred to more specifically, by reason of
the aforesaid openings 53 in floors §1 and open-
ings 55 (Fig. 5) in floors 52. The openings 58,
80.in webs 56, 571 respectively, insure free surge
of the vapors along the galleries which these webs
respectively reinforce,

Referring now to the lower cylinder-bounding

- portions of the hollow side structures 25, 26, these

45

50

53

. G5

of the cylinder.

portions are each likewise formed infto a pair of
vertically spaced galleries by reason of a floor 64
which joins the walls 27, 28 and which, between.
longitudinally adjacent cylinders, has an up-
standing portion 635 (Figs. 4, 5) merging with
floor 52 thereby closing the gallery 54 between
floors $§2, 64 from communicating With opening -
85. |

The gallery 54 of side structure 25 serves to
return liquid coolant from cylinders A back to
the cooling radiator (not shown) and is typical
of the gallery 54 of side structure 26 associated
with cylinders B. Each coolant return gallery
54 has an opening 66 (Fig. 2) in its wall 21 ad-
jacent each shoulder 33 of the respective cylin-
ders A and B thereby opening such gallery to the
annular jacket space 67 surrounding each cylin-
der. - |

Each cylinder head F has an upwardly project-
ing outer cylindrical seating portion 68 spaced

at 69 from'its cylinder, and relatively outwardly

disposed inner annular part 70 spaced within the

external wall of the cylinder head to provide

jacket T1. 'This latter part is internally threaded
at 12 for connection with the outer or lower end
The jacket 71 is thus open at

- 89 with jacket 67 and thence by opening 66 to

70

f.

return gallery 54, the lower seal 34 preventing

escape of the coolant.
At its upper or inner end each cylinder has a

‘shoulder 13 seating on the annular portion 45. A

ring 14 threadedly engages the cylinder at 15 and
seats on a8 shoulder 33. Each ring 74 has gear.
teeth 76 formed thereon in. position for engage-
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ment by a suitable gear tool (not shown) applied
through a boss 89 for rotating the ring so as to
tightly pull the cylinder against seat 48, the ring
14 reacting at shoulder 33. After thus seating
each cyvlinder and its associated cylinder head,

the aforesald gear tool is withdrawn and a lock
member TT fitted in sealing relation in each

boss 89, the members 17 being held in place by
fasteners 18 engaging a wall 28. Each member
71 has an inner finger 719 engaging a space be-
tween adjacent gear teeth 76 of an associated

K . 2468076
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ring T4 thus locking the ring against accidental .

release..

Each cylinder head F is provided with an in-
take valve 80 and an exhaust valve 81 operated
by valve gear 82 and camshaft 83 located in the
valve-gear-housing 884 and cover 83. The intake
valves control admission of air, in the case of a
fuel injection type engine, or carbureted hydro-
carbon fuel and air mixture, in the case of a car-
bureted engine, from intake manifold 86 and its
branches 86’ to the various combustion chambers
from which the exhaust gases pass to exhaust
pipes 87 under control of valve 81s. The manifold
86 is disposed between the banks of cylinders,

Attached to each valve gear housing 84 is a
coolant supply header or pipe 88 running the
length of the case E, these pipes 88 being dis-
posed in the V-space between the banks of cyi-
inders and adjacent opposite sides of manifold
86. Each pipe 88 has branch outlets 89 (Figs. 2,
7) for supplying coolant to the respective jackets
T1 of cylinder heads F. The headers 88 merge at
fitting 90 adjacent the rear of the engine (Fig. 1)
for connection to the delivery of a coolant supply
pump H having its intake 9f connected as cus-

tomary to a cooling radiator or other supply of

Hquid coolant. Return coolant from the galleries
§4 flows by return pipes 92 which extend from
~ the rear of each gallery to the radiator.

Our enegine is preferably of the type in which
the power take-off from the crankshaft C occurs
midway of the length of the crankshaft although
in keeping with the broader aspects of our inven-
tion the power may be taken from one end of the

crankshaft in more conventional manner,

- The crankshaft is formed in two sections united
to carry a gear 93 meshing with g larger gear 94
disposed directly below gear 93 so as to provide
8 torgque-multiplying or reduction drive to the
drive shaft 98§ to which gear 94 is drivingly se-
cured. This shaft extends forwardly of the en-
gine to drive the aircraft propeller (not shown).
The drive shaft 9% has its axis lying in the longi-
tudinal vertical plane of the axis of crankshaft
C and is disposed in a chamber 96 in the V-space.
This chamber is formed by a bottom arched or
trough-like lubricant-collecting wall 81 of the

case E which joins the seal-seating enlarged

ribbed annular end portions 98 of each V-ar-
ranged pair of cylinder-receiving tubular casing
portions 89, 100 which depend from the annular

15
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respective tubular portions 989, {00 each merging
with an inner wall portion 27. This arrange-
ment forms a hollow chamber 102 at the bottom
of each side structure 28, 28, each of these cham-
bers extending for the length of the casting. As

seen in Fig. 5 the chambers 102 are open to each
other at the transverse sections through the bear-

ings D. At these sections the Jongitudinally ad-
jacent tubular portions 99, 100 are spaced from
each other so that chambers 102 are not only
open to each other but also to the chamber 96.

At the longitudinal mid-region of the casting E,
a transverse chamber 103 is provided for receiv-
ing the gears 93, 94, this chamber being formed
by the transverse walls 104 (Fig. 7) and the lon-
gitudinally extending inner walls 2T’ (Figs. 6, 8)
of the hollow side structures. These inner walls
at this mid-region between bearings D’ are shaped
somewhat differently from the connected inner
walls 21 at a section between bearings D in that
they curve vertically around the adjacent periph-
eral portions of gears 93, 94, also in that they are
of greater depth to provide the inner wall of an
additional hollow chamber 105 integrally formed
below chambers 102 at each of the hollow side
structures 28, 26. This affords greater depth for
the casing hollow side wall structures at the jon-
gitudinal mid-region which is stressed by the
loads from gears 93, 94.

Each chamber 102 has transverse strengthen-
ing webs (06 in the planes of walls 104, these webs
having an opening 107. 'The bottom wall portions
101 have openings 108 so that chambers (02 com-
municate with the additional chambers 105
which, in turn, open downwardly at 109 for
drainage of oil from chambers 102 and 105 into

& cast metal pan {i0 which covers the bottom

- 40
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seats 45 to recelve cylinders A, B and form

jackets 67.

The wall 97 is formed in two longitudinally_ ex-

tending portions owing to the interruption caused
by the location of gear 84. However, each wall
portion 97 extends around its associated seating
portions 88 and outwardly at each side of the en-
gine to provide bottom wall portions (8f which

merge with the lower end portions of outer walls

28. These portions 101 therefore form the bot-
tom wall of the cylinder-bounding lower portions
of the hollow side structures 29, 26. The inner
wall of each such lower portion is provided by the

65

portions of the hollow side structures and gear

94 at the mid-region. The bottom wall portions

97 adjacent gear 94 are provided with openings
{1 for drainage from chamber 96 into the pan
116. This pan has transverse reinforcing ribs
112 formed with a central bottom opening (13
for oil drainage from the ends of the pan toward
the mid-region adjacent gear 94, the pan having
its bottom sloping to expedite this oil drainage.
Shaft 95 together with its gear 94 and the
rearward reduced accessory driving extension §14
of shaft 9% are journalled in a bearing (15 car-
rled by each wall {04, The shaft I8 extends
rearwardly for appropriate drive for the various
accessories including supercharger J and water
pump H. Gear 94 carries for rotation therewith
a second gear |18 meshing with idler gears 111.
Each idler meshes with a gear (18 mounted on

one of the camshafts 83 for driving the same in
timed relation with the crankshaft.

. The pan 118 has openings 119 to receive the

respective gears (I8 and Is formed with an in-
clined face bounding each of these openings.
These inclined faces lie in the planes respectively

of the lower faces of the cylinder heads F (Fig. 2)
such that the housings 84 seat at the faces ad-

Jacent the pan openings (19 as well as at the bot~

tom faces of the cylinder heads. Likewise a por-
tion of cover 85 extends to house the lower por-
tions of gears 118.

As hereinbefore stated, each bearing D’ is pro-
vided with a hollow hemi-pyramidal pedestal or
support G’. Each support G’ comprises a trans-

- verse wall 104 which extends directly between a

bearing 116 and a bearing D’, and g curving or
arching support wall similar to that hereinbefore
described in connection with each of the supports
G. A further wall or floor (20 joins the wall 104



9 |
with the arching support walls adjacent a bear-
ing I3 (Frigs. 7 and 9) thereby bracing each of
the supports G’.

Each support G is provided with a plurality of
holes (2§ (Figs. 4, 5, T) to accommodate drain of
oil from around the upper ends of cylinders A
and B downwardly through the pyramidal sup-
ports G to the floor 81. Each support G’ also
has corresponding drain holes 122 but in this in-
stance the oi] flows to each side along wall 120
and out from the hollow supports G’ by way of

the opening 122 (Figs. 8, 9) in each of the walls

104 whence the oil drains into pan (0. The
oil collected on trough floor 971 flows from oppo-
site ends of the engine toward gear 94 and dralus
into pan {10 by way of openings [ and the space
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124 between each floor 97 and wall 104 at a bear-

ing ({5, Also, the oil separated by the afore-
mentioned surge between the crankcase cham-.
bers by way of openings 62, 63 drains downwardly
in each of the hollow side structures 26, 26

through openings §3, 55 to the trough floors 97

and thence to pan £19.

At the lowest point in pan 110 Which is ad-
jacent the gearing %4, {16 the oil spills out lat-
erally through openings {198 and downwardly into
covers 85 for flow in opposite directions to the
scavenging oil pumps K (Figs. 1, 10). There are
four of these pumps, one at each end of each of
the covers 85 driven from the adjacent end of
one of the camshafts 83 as indicated in Fig. 10
for the pump K which is shown near the right-

hand end of Fig. 1. Therefore regardless of the

tilt of the engine one or more of the pumps will
always deliver oil under pressure to the lubri-
cating system of the engine.

In the typical drive shown in Fig 10, & cam-

shaft gear 125 drives through an idler gear 126

to a pump drive gear {21. The pump K is of
any desired type such as the well known gear type
pump for picking up the oil in the chambered
?1;;1 128 of the cover 85 for delivery through pipe

The delivery pipes: I29 for each of the four
scavenging pumps K are lead to an appropriate
system of cooling and filtering the scavenged oil
for redistribution under pressure to the engine
‘parts which require lubrication. In Fig. 1 the
delivery pipes 129, for the two scavenging pumps

K shown on the illustrated left side of the engine,

lead to g filter, cooler, and reservoir diagram-
matically illustrated at L. Likewise the two
pumps K on the right hand side of the engine
have their delivery pipes 129 extending across
the engine for juncture, as at 129, with the afore-
said delivery pipes leading to reservoir L.
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openings 135 (Figs. 8 and 9).
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such sides. In this manner the dowels 183 must
take the lateral loads from the gear thrusts.
bearing #195 is directly tied with bearings D’ and
the hollow side structures through supports G’.
The bearing caps are fastened vertically into posi-
tion by the usual fasteners i34.

It will be noted from Figs. 6 and 8 that the
hollow side structures 25 and 26 are reinforced
adjacent the gear compariment in s manner gen-
erally similar to the construction adjacent the
various crankcase compartments. Thus, each of
these side structures is provided with the afore-
said horizontal floor portions bf, 52, 64 and (0f
forming hollow chambers in continuity with those
illustrated in Fig. 2 for example. Furthermore,
transverse webs 56 and 87 are provided in the gen-
eral plane of each bearing D', these webs and
floor 51 being apertured as indicated at §8, 60,
and 53 in manner corresponding with the showing
in Fig. 3 for example. The crankcase comparte
ments adjacent each bearing D’ are therefore

‘open to each other through the hollow chambers

above and below floor 81 at each hollow side struc-
ture 25 and 26 in conjunction with the aforesaid
pairs of openings 62 and 63 for functioning as
previously described. In order to drain the oil
separated out of the gases surging through the
uppermost pair of chambers in each of the hollow
side structures 23, 26 between the crankcase com-
partments adjacent bearings D’, the inner wall of
each side structure is provided with a palr of
These openings lie

- adjacent the walls 104 out of the path of oil
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thrown by the gears 93, 94 and are located ad-

Jacent the Inner ends of the floors 52 where oil

would tend to accumulate.  However any oil
caught by the floors 32 at the Fig, 8 gear section,
including that oil which drains down through
openings 53 (Fig. 8) will drain through openings
135 and into pan 110 for passage to the scaveng-
ing pumps K as aforesa.id

We claim: |

1. In an internal combustlon englne of the,

V-type having longitudinally spaced pairs of
V-arranged cylinders, a cylinder head carried

- by each of said cylinders and adapted to trans-

50

An oil pump M draws the oil from reservoir L,

for pressure delivery to the lubricant gallery 6l
whence the oil flows by appropriate passages to
the various bearings and other parts requiring
lubricating. In Pig. 8 we have illustrated passages
130 for lubricating one of the bearings D and a
passage 131 for delivery of Iubricant under pres-
sure to a bearing 115 these passages being respec-
tively formed in the floor 51 and walls 104. -

Each bearing 115 has its cap 132 located in
position with a pair of dowels 133 (Figs. 8, 8A)
which fake the lateral thrust due.to the tangen-

tial loading of the gears 93, 94 and also serve to

position the bearing caps laterally. In order to

insure horizontal or lateral seating of each bear-
-ing cap 132 by means of the dowels 133, the sides -

of the cap 132 are formed convex as at 133® and
the adjacent sides of wall 104 are formed con-
cave as at 133%, there being a clearance between

- easing

60
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mit thrust thereto as an incident to combustion
in the cylinder head, a casing structure having
longitudinally spaced pairs of V-arranged tubes
respectively adapfed to receive sald pairs of
V-arranged cylinders, each of said tubes having
an annular thrust-receiving portion adjacent
one end thereof for seating its associated cylin-
der thereby to take the aforesaid thrust of this
cylinder, a crankshaft operably associated with
sald cylinders and having journal portions inter-
mediate said pairs of V-arranged cylinders, said
structure comprising bearing support:
portions for said crankshaft journal portions
and a pair of side structures having curved wall
portions thereof connecting adjacent bearing
support portions and also extending between the
annular cylinder seating portions of said pairs
of V-arranged tubes and sald bearing support
portions..

2. In an internal combustion engme of the
V-type having longitudinally spaced pairs of

‘V-arranged cylinders, a cylinder head carried

by each of said cylinders and adapted to trans-

mit thrust thereto as an incident to combustion

in the cylinder head, a casing structure having
longitudinally spaced pairs of V-arranged tubes

- respectively adapted to receive said psairs of

5

V-arranged cylinders, each of said tubes having
an annular thrust-receiving portion adjacent one
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‘end thereof for seating its associated cylinder
thereby to take the aforesaid thrust of this cyl-

inder, a crankshaft operably associated with said

cylinders and having & journal portion inter-
mediate said pairs of V-arranged cylinders, said
casing structure also comprising a bearing sup-
port portion for said crankshaff journal portion
and a pyramidal support extending from said
bearing support portion to the annular seating
portions of said pairs of V-arranged cylinders.
3. In an engine, a unitary crankcase casting
comprising a pair of side structures each having

a crankshaft-chamber-bounding wall, a pair of

L

10

longitudinally spaced annular cylinder seats ad-

jacent each side structure, crankshaft journsal-
ling means between adjacent cylinder seats, said
walls having portions thereof {ransversely merged
'to provide a pyramidal pedestal adapted to con-

15

nect, as a unitary structure, said seats and

journalling means.

4. In an engine, a unitary crankcase casting .

comprising a pair of side structures each having
a crankshaft-chamber-bounding wall, a plurality
of longitudinally spaced pairs of V-arranged
cylinder-receiving tubes each having an annular
cylinder seat, crankshaft journalling means be-
tween said pairs of V-arranged cylinders, said
walls having longitudinally extending portions
thereof integrally connected with each other by
sald pairs of V-arranged tubes and other por-
tions thereof transversely merged with each other
to provide a hollow pyramidal pedestal adapted
to connect, as a unitary structure, each of said
journalling means with the seats of the adjacent
pairs of v-arranged tubes.

5. A unitary crankcase for a multi-cylinder
engine comprising, a plurality of pairs of cylin-
der-receiving tubes, crankshaft bearing portions
interiorly of said crankcase and intermediate
adjacent pairs of said tubes, said crankcase also

having relatively spaced walls defining a holiow

pyramidal structure integrally uniting two pairs'

of said tubes and a bearing portion.

6. A crankcase structure for an engine of the
type having V-arranged banks of cylinders, com-
prising, transversely spaced side structures ex-
tending longitudinally of the engine, each of
said side structures comprising inner and outer
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having a concave lubricant collecting wall a.t
the bottom thereof. ,

8. In an engine of the multi-cylinder type,. a
crankcase comprising a pair of transversely

spaced longitudinally extending hollow side struc-

tures each having an outer wall and an inner
wall, a crankshaft extending longitudinally be-
tween said side structures, bearings for said
crankshaft, a pair of longitudinally spaced walls
transversely joining the inner walls of said side
structures intermediate the length thereof and
forming therewith g gear-receiving compartment,
a palr of sald bearings being disposed respec-
tively adjacent the opposite sides of said gear
compariment for support by said compartment-
forming transverse walls, a power take-off gear
carried by said crankshaft in sald compartment,
sald crankcase having a pair of annular cylinder
seafs longitudinally adjacent each of said com-
partmeni-forming transverse walls for respec-
tively seating a pair of V-arranged transversely
aligned cylinders, the inner walls of said side
structures having arched portions thereof trans-
versely merged with each other adjacent each of
said compartment-forming transverse walls and
s0 disposed as to connect one of said pairs of
cylinder seats with one of said pairs of bearings.

9. In an engine of the multi-cylinder type, a
crankcase comprising a pair of transversely
spaced longitudinally extending side structures,
a crankshaft, a power take-off gear carried by
sald crankshaft at a point intermediate the
length thereof, a pair of crankshaft bearings dis-
posed respectively adjacent the opposite sides of
sald gear, & second gear meshed with the first

sald gear, a gear-journalling bearing adjacent

each of said crankshaff bearings for journalling
sald second gear respectively af opposite sides
thereof, an annular cylinder seat adjacent each
of said crankshaft bearings, and a pair of walls
transversely connecting said side structures adja-
cent each side of said second gear, one of the
walls of each of said pairs being curved and swept

- between one of sald crankshaft bearings and the

walls relatively spaced from each other, means

comprising a plurality of pairs of transversely
aligned V-arranged cylinder-receiving tubes
connecting portions of the inner walls of said
side structures, each of said tubes being ar-
ranged to receive a cylinder in jacketed reia-
tionship therewith for providing a coolant re-
ceiving space surrounding the cylinder, cach of
sald side structures having a plurality of floors
integrally connecting the inner and outer walls
thereof and so constructed and arranged as io
provide a coolant-receiving header between a
pair of said floors communicating with the

jackets of the cylinders of one of said banks.

7. A crankcase structure for an engine of the

type having V-arranged banks of cylinders, com-
prising, transversely spaced side structures ex-
tending longitudinally of the engine, means com-
prising a plurality
aliged V-arranged cylinder-receiving tubes con-
necting portions of sald side structures, said tubes
having bounding wall portions integrally con-
necting said tubes with each other as to provide
a8 drive-shaft-receiving chamber extending
longitudinally of the crankcase structures be-
tween said banks of cylinders, and said chamber

65

of pairs of {ransversely
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cylinder seat adjacent thereto, the other of the
walls of each of said pairs being disposed be-
tween one of said crankshaft bearings and the
gear-journalling bearing adjacent thereto.

- 10, In an engine of the multi-cylinder type, a
crankcase comprising a pair of transversely
spaced longitudinally extending side structures,
a crankshaft, a power take-off gear carried by
sald crankshaft at a point intermediate the length
thereof, a pair of crankshaft bearings disposed
respectively adjacent the opposite sides of said
gear, a pair of transversely disposed cylinder seats
adjacent each of said crankshaft bearings, and a
curved wall transversely connecting said side
structures adjacent each of said crankshaft bear-
ings, each of said walls being swept between one
of sald crankshaft bearings and the adjacent pair
of cylinder seats so as to provide a pedestal bear-
ing support of approximate hemi-pyramidal for-
mation.

11, In an engine of the multi-cylinder V-type,
a crankshaft having a power take-off driving gear
carried thereby intermediate its length, a driven
gear meshing with said driving gear, shaft means
extending in opposite directions from said driven
gear in parallel relationship with the axis of said
crankshaft, a plurality of pairs of V-arranged
cylinders at each side of sald gears so arranged
as to accommodate said shaft means in the V-
space between sald pairs of cylinders, a crank-
shaft bearing between adjacent pairs of said v-
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arranged cylinders, & pair of cylinder seats respec-
tively for each of said pairs of V-arranged cylin-

ders, and a casing structure having a plurality

of hollow pedestal supports of approximate py-
ramidal formation each of which comprises arched
support walls swept between one of said crank-
shaft bearings and two adJacent pairs of the
aforesaid cylinder seats.

12. In a multi-cylinder engine, a plurality of
longitudinally spaced cylinders, a crankshaft, a

plurality of longitudinally spaced crankshaft

bearings, a casing structure mounting said cylin-
ders and having a pair of longitudinally extend-
ing hollow side structures each of which com-
‘prises innetr and outer walls, said inner walls hav-
ing crankcase-forming arched portions thereof
swept between adjacent crankshaft bearings and
merged with each other adjacent said bearings
thereby to provide a plurality of crankcase com-
partments, said arched inner wall portions hav-
ing openings so disposed as to establish communi-

cation between adjacent compartments by way

of said hollow side structures.

13. In an engine according to claim 12, said
openings being so disposed in relation WIth each
other and said outer walls that the oily vapors
surging between adjacent compartments as an
incident to operation of the engine are directed
toward said outer walls.

14. In an engine of the inverted V-type having
v-arranged banks of longitudinally aligned cylin-
ders so disposed as to provide a plurality of longi-
tudinally spaced pairs of transversely aligned V-
arranged cylinders wherein the cylinders of each
pair are diverged downwardly with respect to
each ofther, a casing comprising a plurality of
tubes respectively coaxially surrounding said cyl-
inders thereby to provide transversely aligned
V-arranged pairs of such tubes wherein the tubes
of each pair are diverged downwardly with respect
to each other, said casing having a lubricant-
collecting wall extending between diverged por-
tions of said V-arranged pairs of tubes, a crank-
shaft extending longitudinally of the engine
above said cylinders, a plurality of longitudinally
spaced bearings for said crankshaft disposed be-
tween adjacent pairs of said V-arranged tubes,
said casing having crankshaft-chamber-forming
walls including portions thereof swept from each

of said bearings to the upper end portions of the
pairs of . V-arranged tubes which are disposed

adjacent such bearings and so constructed and

‘arranged as to provide a hollow pedestal of ap-
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hollow structures respectively deﬂning the op-
posite sides thereof and each comprising an inner
wall and an outer wall, the inner walls of said
hollow side structures being transversely merged
between adjacent pairs of said V-arranged tubes

thereby deflning a plurality of crankcase com-

‘partments, said inner walls having openings so

arranged as to accommodate surge of the lubri-
cant-containing vapors between adjacent com-
partments by way of said hollow side structures,
and means for conducting lubricant tending to
collect in said hollow side structures as an inci-
dent to said vapor surge downwardly to said
lubricant-collecting wall, |

16. In an engine. of the inverted V-type )
crankcase having crankshaft-chamber-forming
portions and an open botfom gear compartment,
a plurality of longitudinally spaced transversely
aligned pairs of V-arranged cylinder-receiving
tubes disposed as a group at each side of said gear
compartment, lubricant-collecting walls respec-
tively extending between the tubes of each of
said groups for collecting lubricant drained from
said crankshaft-chamber, a pan adapted to re-
ceive lubricant from said lubricant-collecting
walls, said pan underlying the bottom of said gear
compartment and having a pair of lubricant dis-
charge openings, a cylinder in each of said tubes
and disposed in two longitudinally extending
v-arranged banks, a cylindér head depending
from the cylinder of each bank, a pair of valve-
gear-housings extending longitudinally of the en-
gine respectively adjacent its sides, each of said
housings having portions respectively depending
from the cylinder heads of one of said banks and
an intermediate portion depending from said pan

adjacent one of said lubricant discharge openings
thereof so as to conduct lubricant downwardly

therethrough from said pan, a cover for each of
said valve-gear-housings adapted to receive said
lubricant conducted through sald intermediate
portion. |

- 17. In an engme of the inverted V-type, a
crankcase having a gear compartment approxi-
mately mid-way of its length, a crankshaft in
said crankcase, a gear mounted on said crank-
shaft and disposed in said gear compariment, a
plurality of bearings for said crankshaft carried
by sald crankcase, means for conducting lubri-
cant under pressure to said bearings, a plurality

. of pairs of V-arranged cylinders depending frem

proximate pyramidal formation open downwardly

toward said lubricant-collecting wall, each of said
pedestals having an opening therethrough above
said lubricant-collecting wall for draining lubri-
cant collecting in said crankshaft-chamber down-

wardly through said pedestals and thence to said *
60

lubricant-collecting wall.

15. In an engine of the inverted V-type hav-
ing V-arranged banks of longitudinally aligned
cylinders so disposed as to provide a plurality of
longitudinally spaced pairs of transversely aligned
v-arranged cylinders wherein the cylinders of

‘each pair are diverged downwardly with respect
to each other, a casing comprising a plurality

of tubes respectively coaxially surrounding said
cylinders thereby to prov:de transversely aligned
v-arranged pairs of such tubes wherein the tubes
of each pair are diverged downwardly with re-
spect to each other, said casing having a lubri-
cant-collecting wall extending between diverged
portions of said V-arranged pairs of tubes, said
casing having a pair of longitudinally extending

655
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sald crankcase between said gear compartment
and each end of said crankcase such that said
cylinders form a pair of V-arranged banks ex-
tending longitudinally of the engine, means for
conducting lubricant collected in said crankcase
longitudinally inwardly from opposite end por-
tions thereof to sald gear compartment, means
carried by each of said banks of cylinders for

conducting lubricant from said gear compart-

ment longitudinally outwardly therefrom to the

opposite end portions of the engine for return to

said pressure lubricant conducting means.

18. Tn an engine according to claim 17, and
means for returning lubricant from said cylin-
der-bank-carried means to said pressure lubri-
cant conducting means comprising a plurality of

- seavenging pumps respectively disposed at each

70

side of said engine adjacent its said opposite end

portions.

19. In an engine having a plurality of long1-'
tudinally aligned cylinders, a casing structure

- mounting said cylinders and having a crankcase

portion subjected to lubricating oil drainage, a
plurality of oil scavening pumps carried by the
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engine, a pair of sald pumps being disposed ad-
jacent each end portion of the engine respec-
tively at opposite sides thereof, and means ac-
commodating oil passage from sald crankcase
portion to each of said scavenging pumps,

20. In an engine of the inverted V-type hav-
ing a pair of downwardly diverged V-arranged

banks of cylinders extending longitudinally of the

engine, a pair of valve-operating shafts extend-

ing longitudinally of the engine respectively ad-

jacent each of said banks of cylinders, a crank-
case subjected to lubricant drain, a pair of
scavenging pumps drivingly assoclated with each
of said valve-operating shafts, the pumps of each
pair being disposed respectively adjacent oppo-
site end portions of said engine, and means ac-
commodating passage of lubricant from said
crankcase to each of said scavenging pumps.
. 21, In an engine of the V-type having a pair
of V-arranged cylinder banks extending longi-
tudinally of the engine, a casing for mounting sald
banks, said casing comprising a pair of hollow
side structures including. a lower portion defining
elongated tubes for receiving the cylinders, said
side structures each having an outer wall and
an inner wall, and sald inner wall extending

O
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ing a hollow side structure, said inner walls of
sald side structures being longitudinally arched
between said bearing portions and each arranged
to sweep inwardly of said casing to interconnect
with the similarly arched inner wall of the oppo-
site side structure and with said bearing portions
to support the latter and convey inertia loads
imparted to said bearings during operation of said.
engine to said structures, and a plurality of ver-
tically spaced reinforcing and tube defining flogrs

Interconnecting said inner and outer walls of said

side structures, one pair of floors defining a
header for conducting coolant to adjacent the
cylinder openings. . o | |
24. A crankcase structure for an engine of the
V type comprising interconnecting opposite sides

- and a bottom presenting a unitary casing of gen-

20

around the cylinders and having portions form-

ing an annular space with the cylinders providing.
coolant jackets for the cylinders of said banks,

each of said side structures having a pair of
vertically spaced walls fransversely connecting
the inner and outer walls thereof and extending
lengthwise of the casing thereby forming a cool-
ant-conducting header adapted to communicate
with the jackets of the cylinders of one of said
banks, groups of longitudinally spaced cylinder
heads respectively assoclated with the cylinders
of each of said banks, means for conducting
coolant from the cylinder heads of each of said
groups to the jackets of the cylinders respectively
associated with such cylinder heads, and a pair
of coolant supply pipes respectively associated
with each of said groups of cylinder heads for
coolant supply thereto.

22. A crankcase structure for an engine of the
V-type comprising interconnected opposite sides
and a bottom presenting a unitary casing of
generally U shaped, elongated, trough-like ap-
pearance, a plurality of longitudinally spaced
pairs of V arranged cylinder receiving openings
in the bottom of said casing and a plurality of
crankshaft bearing portions disposed within said
casing between and above said palrs of V ar-
ranged openings; the opposite sides of said casing
each consisting of spaced inner and outer walls
defining a hollow side structure, said inner walls
of said side structures being longitudinally arched
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erally U shaped, elongated, trough-like appear-
ance, a plurality of longitudinally spaced pairs of
V-arranged cylinder receiving openings in the
bottom of sald casing, a plurality of crankshaft
bearing portions disposed within said casing be-
tween and above sald pairs of V-arranged open-
ings; the opposite sides of said casing each con-
sisting of spaced inner and oufer walls defining
a8 hollow side structure, each of said inner walls
having a plurality of concave portions adjacent
said pairs of cylinder openings and so constructed
and arranged so as to extend transversely to inter-
connect with the similar concave portions of the
inner wall of the opposite side structure and with
sald bearing portions whereby inertia loads im-
parted to said bearings during operation of said
engine may be transmitted to said side structures.

29, A crankcase structure for an engine of the
V type comprising interconnecting opposite sides
and a bottom presenting a unitary casing of gen-
erally U shaped, elongated, trough-like appear-
ance, a plurality of longitudinally spaced pairs of
V-arranged cylinder receiving openings in the
bottom of said casing, each having g ring-like
seat for taking the reaction of the cylinder com-
bustion load, .and a plurality of crankshaft bear-
ing portions each disposed within said casing
transversely between and juxtaposed a pair of
said V-arranged openings, each of said bearing
portions having curved wall portions sweeping
down therefrom to interconnect with said bottom
contiguous a quadrant of each of said pair of
juxtaposed openings and to connect with concave
wall portions of the casing sides in a substantially.

- continuous curve. | |

b5

between said bearing portions and each arranged

to sweep inwardly of sald casing to interconnect
with the similarly arched inner wall of the oppo-
" site side structure and with said bearing portions
to support the latter and convey inertia loads

imparted to said bearings during operation of said

engine to said structures.

23. A crankcase structure for an engine of the
V-type comprising interconnected opposite sides
and a bottom presenting a unitary casing of
generally U shaped, elongated, trough-like ap-
pearance, a plurality of longitudinally spaced
pairs of V arranged cylinder receiving openings in
the bottom of said casing and a plurality of crank-
shaft bearing portions disposed within said cas-
ing between and above said pairs of V arranged
openings; the opposite sides of said casing each
consisting of spaced inner and outer walls defin-
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26. A crankcase structure for an engine of the
V type comprising interconnecting opposite sides
and a bottom presenting a unitary casing of gen-
erally U shaped, elongated, trough-like appear-

“ance, a plurality of longitudinally spaced pairs of

V-arranged cylinder receiving openings in the
bottom of said casing each having a ring-like seat
for taking the reaction of the cylinder combus-
tion load, and a plurality of crankshaft bearing
portions each disposed within said casing trans-
versely between and juxtaposed a pair of said
V-arranged openings, the opposite sides of said
casing each consisting of spaced inner and outer
walls defining a hollow side structure, said inner
walls being longitudinally arched between said
bearing portions and each arranged to sweep in-
wardly of sald casing to interconnect with the
similarly arched inner wall of the opposite side
structure angd with said bearing portions and said
inner walls having curved portions continuous
with said arched portions and that sweep down
from sald bearing portions to interconnect said
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casing bottom contiguous the said ring-llke seats

of said juxtaposed openings. -
27. A unitary crankcase structure for an engine
of the V type comprising hollow side structures

including an upper hollow portion defining a

crankshaft chamber and a lower hollow portion

defining a plurality of longitudinally spaced pairs
of V arranged elongated tubes adapted to receive
& cylinder in jacketed relationship therewith, and
defining ring-like cylinder seating portions for

taking the reaction of the cylinder combustion

'load, a plurality of crankshaft bearing portions in
said crankshaft chamber above and intermediate

said pairs of tubes; the said side structures having
inner and outer walls, the inner walls of said

upper hollow portion being longitudinally arched

between and connecting with said bearing portions -

-and having curved portions interconnecting said
bearing portions with said cylinder seating por-
tions and said lower hollow portion having. a

plurality of floors connecting the inner and outer-

walls thereof, a pair of said floors defining a

coolant recei
jackets of said cylinders.

28. A crankcase structure for an engine of the

V-type comprising interconnecting opposite sides
and a bottom presenting a unitary casing of gen-
“erally U-shaped, elongated, trough-like appear-
ance, a plurality of longitudinally spaced pairs-of

v-arranged cylinder-recelving openings in the

bottom of said casing, each having a ring-like seat

for taking the reaction of the cylinder combustion
load, and a plurality of crankshaft bearing por-

tions : each disposed within said casing trans-
versely between and juxtaposed a pair of V-
arranged openings, said casing having opposite
wall portions longitudinally arched between said
bearing portions and each arranged to sweep in-

wardly of said casing to interconnect with the

‘similarly arched wall portion of the opposite side 4!
of the said casing and with sald bearing portions,

ving header communicatmg with the -

&3
e |

18

and said wall portions having curved portions

~continuous with said arched portion and that
sweep downwardly from said bearing portions to

interconnect with said casing bottom contiguous

- the said ring-like seats of said juxtaposed Open-
- ings.
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1,226,109 Page —ecee——_____May 15, 1917
1,286,345 Kirkham -_____._.._ Dec, 3, 1918
1311,196 Weaver .- aeee- July 29, 19019
1,312,656 McCain .. ‘Aug. 12, 1919
1,318,209 Jouffret . ____._.___ Oct. 7, 1919
1,370,692 Kirkham . __________ Mar. 8, 1921
- 1,383,367 WygodskY weemee————- July 5, 1921
1,386,489  Birkigt ——coeeeno_. Aug, 2, 1921
1,634,017 Cappa —ceciceee June 28, 1927
1,671400  Briggs . —__________ May 29, 1928
1,878,224 Woolson o Sept. 20, 1932
1,906,781  Wintzer —.__.-______ May 2, 1933
1,916,292 Woolson e - July 4, 1933
2,019,558 Brush «ccviceeee-—._. Nov. 5, 1935
2,066,056 Stearns . __.___ ———- Sept. 29, 1936
2,241,630 Brill - oo May 13, 1941
2254439 McCarthy o Sept. 2, 1941

- 2,334,731 . Szekely ;..______.._'....._____ Nov. 23, 1943
2,346,463  Szekely ——ae_ Apr. 11, 1944

FOREIGN PATENTS |
Number - Country = - Date

221,104 England e e e e o o e e 1924
560,287 England - e 1944



