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1 ‘

My present invention relates to improvements
in railroad locomotives of the main line type
which are adapted for use in both passenger serv-
ice and freight service, but it will be understood
that the power plant of the locomotive, including
the transmission mechanism, may also be utilized
for driving rail-cars as well as for other pur-
poses, as for instance in marine installations,
traction equipment, and in some industrial plants.

This application for patent is a continuation, in
part, of my pending application for patent Serial
Number 440,093, filed April 22, 1942, for Railroad
Locomotives, now abandoned.

In earrying oul my invention I preferably em-
ploy a two-cycle internal combustion engine, or
diesel engine, as the prime mover of the power
plant, and the power plant involves a novel meth-
od of and hydromechanical rotary operating
parts for transmitting rotary motion and power
from the prime mover to the several driving units
that ineclude pairs of driving or traction wheels.
The rotary power transmission of the hydrome-
chanical locomotive involves a longitudinally ex-
tending drive shaft forming a front extension of

the crank shaft or engine shaft, a group (here,

shown as three) of torque couplings of the hy-
draulic type for transmitting rotary power from
the engine drive shaft through selected impeller
shafts and each having constantly meshed single-
ratio gearing to the driven shaft or propeller
shaft, which shaft is located in the same vertical
plane with but below the drive shaft, and extends
longitudinally of the locomotive. From the pro-
peller shaft, or driven shaft, power is distributed
to a group of rotary driving units, here shown as
four in number; and each driving unit includes a
flexible driving wheel or traction wheel.

As hereinafter described the locomotive has a
variable speed between the first or low speed and
the second or high speed, and in addition, the
locomotive has one speed in reverse; buf it will
be understood that the speeds may be varied and
the ratios changed from the disclosures shown in
the drawings.

The hydromechanical drive interconnecting
gears and pinions of the transmission mechanism
are constantly in mesh, and the transmission of
power to the driving units on the rails is accom-
plished by smooth, continuous, and uniform ro-

tary operations of the gearing. The presence of:

the series of hydraulic or torgue transmitters in
-the power transmission mechanism permits idling
speeds of the engine when required without neces-
sity for breaking the connection between the load
of the train of cars and the power of the prime
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mover, and the ‘utilization of the hydraulic cou-
plings relieves the  engine or prime mover. of

_shocks and strains.

Where rigidity is required, as in the main sup-
porting frame of the locomotive, the prime mover

"or engine is rigidly mounted on top of the frame;

and parts of the gear casings, or gear boxes, are
fashioned integral with the frame structure, or
deck of the locomotive for reinforcing the under-
frame. 'The lower detachable parts of the hous-
ings,” gear 'boxes, and the gear casings comple-
mentary to rigid parts of the main frame, are
fashioned and installed so as to readily permit
dropping of the individual driving units when re-
pairs or replacements are required and the loco-
motive is standing over a repair pit.

.. To relieve the power transmission mechanism
of strains and stresses when the locomotive is op-
erating at full capacity, and especially to facili-
tate assémbling and disassembling of the spaced

-driving-units on the rails, various flexible joints

are interposed between adjoining rotating parts,
which joints also absorb angularity and relative
movements of parts to insure smooth and uni-
form  transmission of motion and power to the
traction units or drive wheels of the locomotive.

By the use of the hydraulic torque transmit-

. $ers -or hydraulic couplings in the power trans-

mission mechanism, the engineer is enabled to
accomplish a smooth and gradual start without
jerks for the train and with an easy and rapid
pick-up, and ‘as substantially all of the rotary
operating parts of the transmission mechanism
are enclosed within gear cases or gear boxes, and
run in an oil bath, unusual operating sounds or
noises’ are. avoided, and the locomotive travels
with a minimum noise in action.

A manual control station is installed in the
cab of :the locomotive, which is simple in con-
struction and operation, for manipulation by the
engineer in conjunction with air pressure from
the standard air brake system of the locomotive,
to automatically activate servo-motors that se-
lectively control and operate the oil supply valves
used with: the hydraulic coupling as well. as the

~transmission valves of the hydraulic couplings.

Because .of the simplicity in construction and

‘operation, and in the compact arrangement of

the rotary parts of the locomotive transmission,
the cost of production of the locomotive of my in-
vention is substantially reduced as compared
with diesel-electric locomotives, and other simi-
lar-locomotives; and due to the rugged, strong,
and reinforced construction of the frames, gear
boxes, and rotary parts employed, repairs and
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replacements are infrequent and the cost of main-
tenance is comparatively inexpensive.

Inasmuch as all of the rofary gearing of the
transmission preserves a constant arrangement
and engagement, and therefore a minimum of
friction is created in the operating parts, ex-
cept for g slight siipping of @il in the hydraulic
couplings when starting the locomotive, it will be
apparent that a minimum degree of heat is gen-
erated in the continuously circulating lubricat-
ing oil and in the transmission of motive fluid
oil. “Such heat in the motive fluid oil is contirtu-
ously dissipated, as is also the heat from the lu-
bricating oil, by radiation when the locomotive
is running, and therefore the aperating parts are
not subjected to excessive heat. This absence
of overheating enables the locomotive to. main-
tain to full capacity its superior efficiency, es-
pecially when pulling heavy loads at high speed
on long runs.

TFhe invention consists in certain novel features
and: combinations and arrangerments of parts in a
hydromechanical lecomotive having a prime
mover and a plurality of spaced driving-wheel
units, together with intermediate rotary power-
transmitting mechanism including 2 rotary drive
shiaft receiving power from the prime mover. A
group or series of hydraulic torgue transmitters
or hydraulic couplings selectively interconnect

the drive shaft through single-ratio gearing with -

a driven or propeller shaft, and the propeller
shaft distributes or divides the transmitted power
and. applies the power to the spaced driving-
wheel units. :

While the drawings disclose one ecomplete ex-
ample of a physical embodiment of my invention,
it. will be understood that various changes and
alterations are contemplated and may be made
in the exemplifying drawings and struectures,
within the scope of my appended- claims, with-
out. departing from the principles of the inven-
tiom. :
Figure 1 is a vertical longitudinal sectional
view of the front portion of a:locomotive with the
torque transmission casing and some-of the single-
ratio rotary gearing in section, illustrating the
transmission of power at high speed from the
prime mover, and the distribution of power to
4 forward driving-wheel unit, and also diseclos-
ing by arrows the closed circuit of the motive
fiuid oil through the transmission parts-and in-
cluding the oil pumps, storage tank, heat ex-
change for oil, and other component parts.

Figure 2 is a sectional view complementary
to Fig. 1 showing the rear interior of a freight
locomotive as distinguished from a passenger lo-
comotive of Fig. 1 illustrating the distribution
of power from the propeler shaft and its appli-
cation to the driving-wheel units, the rear end
of a two cycle internal combustion engine or
prime mover mounted on the main frame rear-
wardly of the torque coupiihgs, and also the
radiator means for cocling water in the circulat-
ng system. from the water jacket of the engine.

Figure 3 is g longitudinal vertical sectional
view through the torque couplings of the selec-
tive hiydromechanical transmission of the loco-
motive, with the drive shaft as an extension of
the engine shaflt, tubular impeller shafts con-
eentrically mounted en the drive shaft, and the
complementary single-ratic spur gears, the trans-
mission indieating two speeds forward, the re-
versing unit being omitted,

Pigure 4 is a vertical transverse sectional view

through the locomotive showing the longitudi-.
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nally extending drive shaft at the rear of the
torque transmission casing, one of the driving-
wheel units, and also disclosing the water-cool-
ing radiators together with a ventilating fan and
flues for cooling the radiators.

Figure 5 is an enlarged vertical secticnal view
of a driving unit including a flexible drive wheel
and a. conventional drive wheel, together with
a bevel gear couple from the propeller shaft to
the driving unit.

Figure 6 is a fragmentary exterior face view
detailing s portion of the flexible drive wheel.

Figure T is a vertical transverse sectional view
at the hub portion of a gear in the hydraulic
transmission with an overrunning clutch mount-
ed on the propeller shaft; and

Figure 8 is an enlarged detail of one of the
cam rollers of the overrunning cluteh.

Figure 9 is a transverse vertical sectional view
through the torque casing, with the drive shaft
and three concentric tubular impeller shafts in
cross. section, with. one of the cil-supply nozzles
and delivery ring of a valve device.

Figure 10 diseloses the impeller-head with the
nozzle ring in section and delivering oil to the
interior of the impeller-housings.

Figure 11 is an enlarged detail vertical longi-
tudinal sectional view of one of the three main
pneumatically operated: oil-supply valves, in
closed position, the servo-motor of which the
valve forms a part being mounted on top of the
torque easing, and this view also shows the upper
portion of the three nozzles that selectively de-
liver an oil supply to the hydraulic couplings.

Figure 12 is a vertical longitudinal sectional
detail view of one of a pair of pneumatic servo-
motors, and its lever device for shifting an exte-
rior hydraulic valve on its impeller housing.

Figure 13 is a sectional detail view of a hy-
draulic transmission valve and mounted on an
impeller housing, together with one operating
lever and roller and the serve-motor therefor,
it: being understeod that a pair of diametrically
arranged servo~-motors and lever devices are pro-
vided for each transmission valve.

Figure 14 is a longitudinal vertieal sectional
view with operating parts in elevation of the de-
tached reversing unit including a friction cluteh
automatically controlled and operated by pneu-
matic pressure from the air-krake systera of the
locomotive.

Figure 15 is an enlarged detail vertical longi-
tudinal sectional view showing the reversing unit
and including the pneumatically operated multi-
disk friction clutch.

Figure 16 is a vertical longitudinal sectional
view showing central portions of the three rigidly
united impeller housings, the driving head, and
the three tubular concentric shafts.

In the assembly views Figs. 1, 2 and 4 I have
shown a mainline loeomotive with a streamlined
housing i, side door 2, windows 3, and side ven-
tilators 4; and the locomotive is equipped with
a front swiveled bogie or pilot truck 5.

Four driving wheel units are shown, each unit
including a flexible driving wheel § and a con-
ventional drive wheel ¥, which are journaled by
their axles 8 in pockets of the main frame 9; and
equalizing springs {8 (Fig. 4) are shown to-
gether with a rear two-wheel pony truck #f.

The weight of the locomotive is thus egually
supported to insure stability, and the power is
uniformly distributed to the several driving
wheel units. The lengitudinally extending main
frame ¢ in all of the views is a single unitary
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casting that is fashioned with heavy channels,
angles, and plates, and the side sills of the frame
are provided with pockets that permit the jour-
nal assemblies of the driving wheel units to he
dropped or removed from heneath the locomotive,
when replacements or repairs are required.

‘Within the housing, at the front of the main
frame an adjustable coupler 12 (Fig. 1) is shown
as supported in retracted position, and this cou-
pler may be projected through an opening in the
front end of the housing, when the slide doors
{3 are opened, for use when required.

At the rear of the locomotive in Fig. 2 a stand-
ard type of coupler {4 is indicated so that the
locomotive may be coupled to a train of cars, or,
if required, this locomotive may be coupled to
another strearmlined unit, it heing understood
that both the single unit and the double or duplex
units of the locomotive are under control of the
engineman or engineer who occuples a chair M’s
shown in the cab in Fig. 1.

While I have shown only the pneumatic con-
trol station in Fig. 1, it will of course be under-
stood that the control devices for other operat~
ing parts of the locomotive are also mounted in
the cab where they are readily accessible to the
engineman occupying the chair (5.

As best seen in Figs. 1 and 2, the prime mover
of the locomotive power plant is indicated hy
the numeral 16 as a two cycle internal combus-
tion engine, or multi-eylinder diesel engine, that
is mounted directly and rigidly upon the main
frame 9 forming the deck of the locomotive. In
igs. 2 and 4 a fuel tank {7 for supplying fuel
oil to the engine is fabricated in combination
with the main frame 9 so that the top of this
reservoir or tank also forms the floor or deck of
the locomotive, and this reservoir may he re~
plenished as required through a filling connec-
tion located on the exterior of the locomotive.

For cooling the heated water-coolant from the
engine, as seen in Figs. 2 and 4, the hot water is
circulated through heat-exchange appliances in-
cluding side radiators. 18 along the flocr or deck,
and through upper radiators {8 located near the
roof of the locomotive housing, as well as through
intermediate radiator sections 28, in the sides of
the housing.

These horizontally disposed radiator sections
are built in the side walls of the housing, and they
are connected to and communicate with comple~
mentary vertically disposed water-sections, to
form rectangular radiators or heat-exchange
structures connected to the water jacket and the
circulating system of the engine. The air-cooled
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radiators are arranged ahout the two air-intake

openings in the opposite side walls of the locomo-
tive housing, and they are protected from the ex-
terior by the reticulated screens or grids of the
ventilators 4.

A ventilating fan 2{ is located in position to
impel air currents upwardly through an upper
roof vent-opening, and an electric motor for the
fan is mounted in the top wall or apex of an
interior arched lhousing 22, which, as best seen
in Pig. 4 forms duplex air fiues 23 and 24, one
for each lateral radiator at the sides of the loco~
motive housing. These enclosed upright flues are
open at their lower ends to the atmosphere, while
their upper ends merge in the clerestory of the
housing where the fan 21 is located, in order that
the air currents from the flues may be expelled
to the atmosphere without entering the interior
of the housing of the locomotive. In this man-

ner the heat extracted from the circulating water:
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system is dissipated to the atmosphere through
the vented roof and undesired heating of the in-
terior of the locomotive housing is eliminated.

In Fig. 1 power is conveyed from the shaft
of the engine or power plant through 4 flexible
coupling 25 to an axially alined longitudinally
extending drive shaft 26 that forms a forward
extension of the engine shaft, and from this main
drive shaft 26 power is transmitted and distrib-
uted to the several driving wheel units of the
locomotive.

The drive shaft 26 with its flexible couplings
or joints is journaled in bearings B in a seetional
gear box 21, and it will be understood that the
letter B indicates roller: bearings, thrust bear-
ings and other anti-frictiori bearings through-
out the drawings, while the number 25 is em-
ployed in like manner to designate flexible joints
hetween shaft sections and driving units. :

The sectional gear casing or box 21, which is
rigidly mounted on the main frame 9 of the loco-
motive, is separated into compartments that are
occupied by the various rotating parts of the
transmission mechanism, and the casing or box is
made up of sections that are bolted together to
form a closed structure having interior reinforc-
ing webs or flanges 28, some of which are fash-
ioned with ports 29 to permit circulation of lubri~
cating oil, and the interior of the casing or box
is sealed against leakage of oil.

Thus all rotating parts of the transmission
mechanism within the communiecating compart-
ments of the gear casing 27 continuously operate
in and are lubricated by an oil bath, the oil be~-
ing constantly circulated while the locomotive is
running.

In the drawings, the letters I. and H applied
to various hydraulic couplings or torque trans-

‘mitters, gear sets, controls, and other parts, in-

dicate, respectively, low or first speed forward,
and a high or second speed forward of the mech-
anism of the locomotive, while the letter R desig-
nates parts involving reverse movement of the
transmission and:the locomotive.  Thus, in order
to provide the two forward speeds, and also the
reverse travel of the locomotive, I provide a for-
wardly extending drive shaft 28 with three spaced

‘circular impeller housings, which are rigidly

joined to or united with the drive shaft and rigid~-
1y joined to each other in order that the hous-
ings may revolve with the drive shaft 26.

In Figs. 10 and 16 a driving head 30 is keyed
on the forward end of the shaft 26 and the head
is united by bolts 31 to the bearing huh 32 of a
low speed impeller housing 32; housing 33 is also
united by a series of bolts 3! to the hub of the

-reverse impeller housing 34; and the high speed

impeller housing 35 is bolted at 3{ to the hub. of
the adjoining reverse impeller housing 34.
Each of these three housings is provided with
an interior annular series of radially extending
impeller blades 38 integral with the housing or
shell, and each housing also includes a comple-~
mentary half shell having ‘a central hub and an
exterior annular flange 37 that is bolted at 38 in
Fig. 3 to the respective impeller housings. ‘Thus
the group of three drive-sections, which form

“housings for three impellers, are united to revolve

with the drive shaft 26 and with each other.
Each of the impeller-housings, or drive-sec-

tions of the torque transmission, are provided

with substantially wide exterior annular faces

-on their flanges 37, and the flanges are each

drilled with an annular series of ports 39 ex-
tending around the approximate center line of
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the housing. In Fig. 3 all of the ports are shown

s apen, and they provide -communication for oil,
or -other motive fiuid, into as well as -outwardly
from the interior of the housing. With the ports
-open and the torgue ftremsmitier revolving -any
oil within the interior of the housings will be
expelled therefrom by centrifugal foree created
by the rotating member.

Fach of these annular series of oil ports or
-outlets from the housings is clesed or opened by
means of a laterally shiftable hydraulic valve 48,
in the form or-shape of -a ring which is channel-
‘shape in cross section that fits snugly -around the
flat or smooth exterior face of an annuliar flange
of -a housing. 'Three of these valves.are shown,
one for each of the low and high speeds, and
one for reverse travel of the locometive and op-
-eration of the torgue transmitter, and these valves
are operated -as will hereinafter be described.

In Fig. 3 it will be -seen that the three hous-
ings, with their series -of vanes:or blades 86 at
.one-side, also provide at the opposite side of caen
housing, an open chamber in which is enclosed
a turbine-runner 41 -equipped with radial vanes
42 coemplementary tothe vanas-$8 of u,he impellers
or. impeller howusings. The pump vanes -35 and
the turbine-vanes 4% of each hydraulic coupling
are located a2t opposite sides of the {transverse
central vertical line -of the .imupelter housings,
and the interior of the housings <communicates
-directly with tive interior of the 'casing 27 through
the annular series of ‘ports of the housings.

Tike the impellers, the three turbine runners
A4, 44, 44, are of identical construction, and each
runner is fashisned with a compatratively large
hub by means of which they are separately keyed
‘on1 three tubular shafts 43, &4, and 48, concen-
trically journaled on the centiral drive shaft 25.
These turbins-runners 61 are keyed on the front
ends ‘'of the respechive turbine-runmer shafts 43,
H&, and 4%, .and rolier bearings B are interposed
between the tubular turbine shafts and the hiunbs
‘of the impeller housings, as well as between the
gentral hubsof the turbine runners and the hious-
ings.

The :concentrically arranged tubular turbine
shafts, or runner shafts €3, 48, and 45 are loose
of free Yunning on the drive shaft 28, or power
‘output shaft, and free running with relation ‘one
to another:; and they extend rearwardly toward
the prime mover or engine ¢, within the gear
caging or box 27, the different shafts varyivg in
Tength toadapt their forward ends to the turbine
runners within the impeller housings. At their
rear ends these tubular turbine shafis have keyed
thereon three spaced transmission -spur zears &8,
7, and 48, of which gear A% on ‘the outer and
largest tubular shaft 45 transmits power at high
speedt; gear 47 on the intermediate ‘tubular tur-
bine shaft B4 transmits rotary motion to the
reversing unit as will be described; and gear 48
cn the @nd of the smallest tubular shaft 42 is
inctuded in the first or low speed of the variable
speed torque converter.

The three concentric tubular turbine or runner
shafts and the drive shaft 28, together with the
spaced impeller housings, and their pump vanes,
the enclosed turbine runners with their radial
vanes, and the three transmission spur gears
A%, 47 and 48 2l rdtate in one and the same di-
vection as driven by the prifne mover or dissel
engine 6.

Fach of the three hydraulic couplings forming
the tordue transmitters in the power transmis-
sion mechanism isprovided with a:separate source
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of -0il supply, from -a cominon reservoir, the oil
for the pewer transmission being delivered toeach
hydraulic -coupling through a fiat fan-shaped
spout 49, and these three spouts project down-
wardly in the gear casing 2% one between the
casing and a housing and the other two between
adjeining housings.

Inasmuch 2s these three -oii-feed, or oil-de-
livery devices are of similar construction and
operstion, the illustration in detail of one de-
vice, as in Figs. 1, 3, 9, 11, will suffice for the
three. The sectional cutwardly flaring oil spout
is built into the gear -case 21 as at 88, in the top
portion of the case, and the sectional spout is
-Jdetachably mounted for-case in disassembling by
bolts 51 threaded through flanges into the two
outspreading arms §2 of a transverse brace that
is balted at 5% to the inner surface of a lower
section of the gear box 2T.

Wach spout is thus supported within the gear
casing at three points, and the lower ‘end -of the
sectional spout terminates in an open ring or
laterally projecting ‘delivery nozzle B4,

One of these open annular delivery nozzles 54
-encircles and surrounds the impeller head -39
and delivers -oil at the hub of the housing 33;
a secohd nozzle located hetween housings 32 and
34 delivers oil to housing 24; and the third nozzle
Between housings 34 and 35 -delivers-oil to the high
speed ‘housing 385.

Each of these delivery nozzles opens into the
throat of an annular recess 53 fashioned in the
nature of a groove af the side of the hub por-
tion ‘of each of the respective impeller housings,
and from this annuler intake groove an annular
series of radially arranged ports or ducts 5§ ex-
tend to and opsn onto the interior of each of the
housings. These fixed delivery mogzles project
at all times into the rotary intake recesses and
the selected nozzles are capakle of quickly deliv-

ering the necessary motive fAuid to a selected hy-

draudic coupling; and the centrifuzsl force of a
revolving imbpeiler assures flow of the delivered
oi] into the working chamber of the impeller
housing.

‘The supply of oil to the three torque trans-
mitters is controlled by three servo-maotors each
designated as 57 in Figs. 3 and 11 particularly,
and connected with an oil supply pipe 88; and
since ‘the motors are of similayr construction and
cpergtion, & description of one will suffice for all.

Each servo-mnotor is selectively operated by
air pressure and includes a housing extending
transversely of the drive shaft 26 and mounted on
top of the gear casing 27, and the housing en-
closes a periorated cylinder or lining 33 that
forms two interior oil chambers 3 and 61.

Intake oil chamber £8 receives oil under pres-
sure from the supply pipe 58, and the outlet
chambeyr 61 receives -gil from the interior of the

perforated cylinder and supplies oil to the spout

49 of -an impeller housing. The flow of oil from

supply pipe 88, and from the intake oil chamber

60 through the perforated cylinder and into the
outlet chamber &1 is controlled by a piston-valve
62 -of the double-aciing air-operated servo-motoyr
which valve includes a stem §8 and an oil-piston
64 rigid with the stem and air piston-valve §2
for reciprocation in the perforated cylinder.

As shown in Fig. 11 the oil supply to the delivery
spout 49 dis cut off by the oil valve 84 in the
cylinder, with the valve positioned between the
intake -chamber 83 and the outlet chamber 61
surrounding the perforated -cylinder.
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' Projecting from the outer ends of the oil cylin-
der are two air cylinders §5 and 66, of less diam=
eter than the oil cylinder and axially alined
therewith, and the ends of these air cylinders re-
mote from the perforated cylinder are closed as
shown. ' Within the air cylinders of the servo-
motor are two reciprocable ‘pistons 6T and 68,
the latter rigid with the valve-piston §2 and the
" former rigid with the cil piston 84 so that these
parts will reciprocate simultaneously.

Air under- pressure through pipe 69 to the
outer end of the air cylinder 65 has moved these
parts to the right to close the spout 49 from an
oil supply; and the pipe 70 connected with the
outer end of air cylinder 66 has performed the
functions of an exhaust pipe in venting air from
the  cylinder 66.

‘To supply oil under pressure through the spout
49, the air pipe 70 supplies pressure to the cylinder
66, pipe 69 vents the air cylinder 65, the double
acting pistons and valves are moved to the left
in Fig. 11 so that the'oil-valve 64 will occupy a
position against the open inner end of the air
cylinder 885, and the piston-valve 82 will occupy
a position just to-the right of the perforated
portion’ of the cylinder 83. Under these condi-
tions oil is passed through the intake chamber
and the outlet chamber of the servo-motor to
the spout 49 for delivery to a selected hydraulic
torque transmitter, as for instance to the high
speed housing 3§ in Pigs. 1 and 3, the oil trans-
mission valve 4§ of which has been closed.

Oil supplied to the hydraulic couplings as mo-
tive fluid is also employed for lubricating the op-
erating parts within the gear box or casing 27,
and for this purpose the servo-motor is equipped
with two ¢il pipes Ti and 12, one communicating
with and receiving oil from each end of the
oil ¢ylinder, and both pipes connected - to ‘the
gear casing or box. The gear casing and its sev-
eral compartments are sealed against leakage of
oil, and these three pairs of pipes 71, and 12 sup-
ply lubricating oil for ecirculation in a closed
cireuit. - Oil is supplied through pipe 58 from a
centrifugal :0il punip 78, which as seen in Fig. 1
is located at the front of the locomotive, within
an oil reservoir or tank 74, and the pump is op-
erated by gears in & gear case 75 from an exten-
sion of the drive shaft 26, one of the flexible
joints 25 being shown between the extension shaft
and the pump case.

As indicated by the arrows in Fig. 1, after flow-
ing through the interior compartments of the
sectional gear box 2%, by way of ports 28, the
used oil is recovered and returned through a: suc-
tion pipe 76 to another oil pump 17, and from
this pump the oil is forced through pipe 18 to
a heat exchanger or-radiator 19, cooled by a fan
as 80, and located just back of the ventilated
front of the housing of the locomotive.. The oil
may be filtered, if desired, before it is returneq
to the reserveir or storage tank 74, and of course
the supply of oil in the reservoir is replenished
when necessary.

Compressed air for motive fluid in the servo=-
motors comes from an air reservoir, not shown,
by suitable connections with the air brake sys-
tem of the locomotive or train, and.in Fig, 1 an
air pipe 81 from the reservoir is connecied to
an air control station, or appliance, 82, located
in.the cab of the locomotive where it is readily
accessible for the engineer ‘seated in the chair
15, and the hand lever 83 is manipulated from
its. neutral position -shown to 'the selected low,
high, or reverse positions for ‘selectively supply-
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ing air pressure through pipes 68 and 10 to the
seryo-motors. ‘ c

"For selectively réciprocating each of the trans-
mission oil-valves 40 of the three torque trans-
mitters across the annular series of ports 39 of
the housings, and thus opeh and close the ports,
I also employ three pairs of pneumatic motive
fluid servo-motors shown in detail in Figs. 12 and
13, which are operated by mechanism under con-
trol of the hand lever 83, by the engineer, and
simultaneously in cooperation with a selective
servo-motor §1 that furnishes oil to the selected
coupling, ‘

One of these valve-operating servo-motors, as
indicated, 'is located at each side of the gear
casing’ for-co-action with a valve 48, the motors
being mounted outside the casing, and each mo-
tor includes a slotted air cylinder 84 supported
by brackets 85, and ‘extending longitudinally of
the casing or gear box. At the opposite ends of
the cylinder are attached two air-pipes 86 and
81 that are connected to a complementary pair
of -air pipes 69 and 18 of an oil-supply servo-mo-
tor &7. : ‘

Within the slotted air cylinder 84 is mounted
a slotted reciprocable power-piston 88, and an
actuating lever arm 89 hasits free lower end op-
eratively engaged in the slot of the piston in or-
der that the arm may be swung onh its pivot 69
by movement of the power piston: . The pivot pin
90 is journaled in the wall of the gear box 21
and extends through the wall, with the actuating
arm 89 on the exterior of the hox and a valve-
operating arm’ 81 fixed on' the pin and located
within -the interior of the gear box.: :

An anti-friction roller 92 is journaled at the
free end of ‘the operating arm 91, and this roller
is'located within the channel of the valve ring 40
between its spaced flanges and it will be seen that

' when power piston is oscillated or reciprocated

such -movement is'translated to the lever arms
89 and 91 to shift the oil transmission valve for
opening ‘and- closing the oil ports 3% of an im-
peller housing. Thus as the outlet ports 39 are

*closed, the-oil ‘supply valve of a servo-motor 51

is opened to admit oil into a coupling for motive
fluid, and these operations are also reversed, un-
de; control of the hand lever 83 in the engineer’s
cab. ’ :

Power- through rotary motion is'transmitted
from the drive shaft 26, through the driven con-
centric or tubular turbine shafts and their spur
gears 46, 41, and 48 to a horizontal longitudinally
extending propeller shaft 93 disposed below the

. drive shaft with its forward end journaled in

bearings B within the gear box 21, and its rear
portion journaled in bearings B of the main frame
9:of the locomotive.

In Figs. 1 and 5 it will be noted that the low
Speed spur gear 48 on tubular turbine shaft 43
meshes with a complementary gear 84 on. the
propeller shaft 93, and the: high speed gear 46 on
tubular shaft 45 meshes with a smaller gear 95
on the propeller shaft. _These two gears 94 and
95 are free wheeling, or.Tun loosely, with rela-
tion to the propeller shaft in one direction, and
an overrunning cam cluteh is provided for each
Wl_leel or gear so that the gears are made rigid
with and transmit power in the opposite direction.

For forward drives of the propeller shaft these
overrunning clutches of the gears are selectively
e.ngage‘d, and as illustrated in Figs. 6 and 7, par-
ticularly, the clutech of gear 94 includes s bear-

. ing bushing 96 kéyed on the propeller shaft 93,

75

‘and an annular series of cam rollers 97 surround
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the bushmg These roﬂers are retgined in cam
giooves 98 fastioried in ‘the bore’ of thé hub “of
the gear, by means of two side rIngs 99 bolted to
the hub.

'The overrunning clutches are duphcated in the 5
two gears 84 and 95 and the clutche Aoperate in
conventlonal manner so that e1ther, hlgh speed
or low speed forward may be transn 1tted to the
propeller shaft 93 through "he respect1ve clutches

in Figs.'1 and 3 a/spur gear IUO 1s keyed on the 10
propellex shaft w1th1n the 'gear box’ 21, ‘and re~
verse drlve for the locomotlve is transm1tted from
révéise gear 41 of turbine shaft 44 through 8 Tat-
erally d1sposed reversing unit to this reverse gear
00 on the propeller SHaft” The réversing unit i is 15
best shown in Flgs 14 and 15 Where it w1ll be ev1-
dent that” the spaced gears 101 and 162, respec-
t1ve1y, mesh with’ the spur gears lﬂﬂ and aT of

reverse umt housmg IM
bolted to the main gear box 21.

The loose gear IUI is bolted to a mult1 d1sk frie- 25,
’ o made' up in bolted sectlons to form rigid strug-

the clutch caslng mq are normally Iooselj Jour-
naled on the shafh, =

“fHe cluteh 1ncludes two serles of alternately
arranged disks” lﬁ
their outer periphe r1es on keys 6f the casmg, and
the latter kéyed” at thelr 1nner penphenes on

keys of the clutch shaft 103 These two serles‘of 35,
i in - 'l‘he ﬂemble power wheel 8.is connected Wlth and,

vmes II!9
The requlred numbe1 of these sprmg devices is

] Y de
wall'of the slide. - " springs (171 of these deV1ces ex-

pand to free the clutch and a1r under, pressure is 50

supplied ‘thirotigh’
clutch’ shaft ‘ )
clutch casmg T
ing f01 ces' ‘the
disks or rlngs T

the shaft 103, and wh
the sprmgs Hl d1seng

| lt thst opens 0 the i
supplymg lubrlcatmg

_and the hub l25
“thus - Journaled m four d1ametr1cally arranged

12

and this pipe is connected with the oil supply sys-
tem as 11, 12, that supphes motlve fluld 01l and
lubr1cat1ng oil to the torque transrmtters and
other operatmg parts of the transmlssmn

' The four driving wheel units shown in Figs, 1,
2, 4, and 5 each rece1ves power and rotary motlon
from the long1tud1nally extendlng propeller shaft
93 Wthh prOJects rearwardly from the transmls-
s1on casing or gear box 21, and is prov1ded w1th

spaced flexible coupllngs 2.) between sectlons

" Each derlng un1t 1ncludes a ﬁex1ble dr1ve whee]

6 and a r1g1d or non-ﬂexxble wheel 1, arranged in
pairs, ancl as the constructmn and operatmn oi
the units are slmllar 8 descrlptlon of one will
sufﬁce for all of them

"The rear portlon of the propeller shaft with
its flexibly jointed sections transmits power to
the various driving wheel units, and each unit
mcludes a bevel drive gear 118 keyed on the
eller shaft as seen in Fig. 5, and this bevel
,eshes with a complementary pinion 119,
keyed'on g Jackshaft 120, extendmg transversely
of the p1opeller shaft and journaled in bearmgs
Bin the gear, box 121 of ‘the unit. L1ke the gear
box 2'! the gear boxes of, the dI‘lVlnP‘ umts are

s whlch are bolted 1o the mam frame 9 in

or tubular axle {24 that surrounds anti- frlctlon
rolle1 bearmgs B on the wheel-axle 8, and. the
two dr1 ng wheels B and_ 1 are rigid with axle 8,

recelves power irom the tubular axle 124 through
a universal joint or coupling that includes a
dI‘lVG hub l25 havmg a pair of lntegral radlal._

] arms lze each having a seat for a sohd cylin~

drlcal and tangentlally arranged pin 121 A suit-
able number as four, of these pivot, or hinge pins.
are mounted in an open cenfer annular plate or,
r1ng 128 whlch surrounds the hup 125, ang this
flat plate is fashloned with four dlametrmally_

'arxanged pairs of opposed, sockets that receive

the ends of the pins which bmdge ar span the .

extend,through the ﬂat rlng
The flexible power wheel of each driving unit is
also fashioned with two dlametrlcally arrangegd.
integral bearing lugs #30 having semi-circular
seats for two of. the puns and. cap. plates 131: are

t1a1 Jomts betweeu the annular beari 1ng plate and.
the power wheel.

Bearmg caps 131 are also bolted to the other
two lugs 126 of the driving hub to complete the.
journals for the pins between the ‘bearing plate.
The four tangential pins are.

bearlngs to prov1de the universal.or, ﬂe*ﬂble joint.
through whlch power is transmltted from the_
tubular driving axle 124 to the power. wheel. §

 The power wheel § and the traction wheel 1. are
' r1g1d with, the solid axle 8 and the journal ends.

of. the anle 8. extermr of the wheels are mounted,
in, the ‘usual bearmg boxes located in the pockets.
of the integral longltudmal sills, of the, main

. flame k) at the opposite sides of the locomotive.

In connectlon with the springs 19 of the journal.
bo the ﬂex1ble Jomts between the sections.of..
; opeller shaft 93, the oversize, tubular driv-
mg ‘axlé I24 surroundmg the ‘Wheel. axle 8, and.

the umversal joint, between the tubular axle and.
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the power wheel 8, relative angular movement
between these parts is absorbed when the loco-
motive is operating full power at any speed on
the rails, as well as when: passing over irregu-
larities in the railroad track that might cause
relative vertical movements of the parts.

In Figure 2 a portion of the usual brake rig-
ging is indicated at 132, which forms part of the
standard airbrake equipment for the locomotive
and a train of cars, and the air brake pumps of
the equipment provide the motive fluid that is
conirolled through the cab-station 82 to the
torque transmitters, it will, however, be under-
stood that other provision may be made and
other means employed in the manual control of
these and other parts.

No attempt has been made fo illustrate all of
the parts of a locomotive in the drawings, al-
though in Fig. 2 at the rear of the prime mover
an air compressor is indicated at 133 to supply
air pressure for various appliances; and an elec-
tric generator is indicated at 134 to furnish power
for the electric motor of the fan 21 of the venti-
lator, and other appliances, as for starting with
batteries, and lighting equipment.

In Fig. 3, where the locomotive is not running
under power, the three transmission valves 40
are open, and the hydromechanical transmission
mechanism is not “in gear”; and so also if the
engine 16 is idling with the oil transmission
valves open, the shaft 26 and the three impeller
housings 33, 34, and 35 will be rotating idly. Un-
der these conditions the forward extension of the
drive shaft 26 may be operating the two oil pumps
13 and 77 to circulate oil for lubricating pur-
poses, as well as for driving the fan 80, and the
oil circulating system is thus prepared to supply
motive fluid for a selected one of the torque
transmitters when needed.

- While I have shown the locomotive as a single
unit adapted as a mainliner for passenger and
freight trains, it will be apparent that for heavier
loads another streamlined locomotive or unit,
provided with air equipment and oil installations,
and other similar appliances, may be employed
with the first illustrated unit.

The ratios of the gearing involved in the hy-
dro-mechanical - - transmission mechanism are
adapted for high speeds in passenger locomotives;
and to lower speeds, but added pulling power in
freight locomotives, as will readily be understood.

Assuming that the prime mover 16 is idling, or
it may be running at a higher speed, a noiseless
and gradual start may be accomplished with an
easy piek-up of the locomotive by moving the
lever 83 to the L or low speed forward notch of
the control box 82 in the cab of the locomotive.

The first or low-speed servo-motor operates to
open the oil valve 48 so that oil under pressure
is delivered through the spout and nozzle to the
interior of the rotating low-speed impeller-hous-
ing 83. At the same time the low-speed air valves
are shifted to actuate the servo-motor or operat-
ing mechanism for closing its low-speed hydraulic
transmission valve 48, thus confining the  de-
livered oil in the working chamber of the low-
speed impeller housing. .

The gear ratio for low-speed may be within a
range from one to sixty miles per hour, the latter
speed being attained when the hydraulic. cou-
pling has reached its normal capacity and rating,
and the prime mover is operating at approxi-
mately nine hundred revolutions per minute, or
the normal working speed.

. With the first or low speed torque transmitter
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“in gear” the second or high speed gear and the
reversing gear are “out of gear;” i. e, the H cou-~
pling and the R coupling remain - disengaged.
Although the impeller housings 24 and 35 are
rotating with housing 33, the couplings H and R
may or may not revolve, and as their valves 40
are open the interiors of the housings 34 and 35
are emptied of any previously contained oil
through their outlet ports 39 to the interior of
the gear casing 27.

Because the pneumartic operated friction clutch
of the reversing unit is open or disengaged and
due to the presence of the overrunning clutch:in
the high speed gear 98, the reversing. hydraulic
coupling and the high speed coupling are inefiec-
tive when the low or first speed coupling is
effective up to its minimum speed.

The lever 83 is moved forward, for high speed
forward, to the H notch of the control segment,
with the result that the high speed oil valve 40
is closed, and the oil supply valve 64 of the high
speed servomotor is moved to the right and
opened in Fig. 11 to admit oil to the housing 35.
This action of the lever 83 also serves to .close
the oil supply valve 64 of the low speed servo-
motor and to open the oil transmission. valve 40
of the low speed coupling L, thereby permitting
ejection under centrifugal force of motive fluid
oil from this coupling through ports 39 to the
interior of the gear box 21. Motive fuid is sup-
plied through a spout 49 to its nozzle ring 54 and
thence through inlet ports. 56 to the interior of
the housing 35and the highspeed coupling H thus
becomes effective to take up the load in.accord
with its ratio and capacity. 'The speed of the
locomotive now increases from say. sixty miles
per hour (or a maximum of the low-speed ratio)
to one hundred or more miles per hour, depend-
ing upon the ratio of the gears in the transmis-
sion mechanism, and the capacity of the prime
mover.

When the lever 83 is moved forward to the high
speed segment notch. there is a delaved action
in ejection of oil from the low speed heusing L
so that the high speed housing H and its coupling
take effect without reducing -the speed of - the
locomotive, when changing from low speed to
high speed. Thus the lccomotive will continue
to accelerate its speed when changing speeds, say
from low to high, and the speed will not drop
off by release and ejection of oil from the -low
speed coupling L before the power of the high
speed coupling H becomes effective.

In changing from high speed to low speed, if
and when the lever 83 is shifted the timing of the
ejection of oil from the coupling H, and the in-
jection of oil into the interior of the coupling. L,
is immaterial, for the reason that the deceleration
of coupling H brings its speed down to the low
speed, and then the coupling I. becomes effective
if, when, and after the power and speed are re-.
quired.

When traveling at high speed and it is desired
to reduce the speed of the locomotive below sixty
mileg per hour, the high speed oil transmission
valve 40 of the 1mpelle1 housing 35 is opened, and
the valve 40 of the low speed housing 33 is closed,
whereupon the train load is shifted from the high
speed coupling H to: the low. speed coupling L,
and the locomotive will now travel at a low speed
within the range of one mile per hour to sixty
miles per hour, depending upon the speed of the
closed oil transmission valve to gradually empty
its torque transmitter.

For gradually arresting and brmgmg the loco~
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mative to stationary position, the reversing unit
may. be employed, in conneetion with the propel-
ler shaft, and in opposition to the reversing cou-
pling or housing 34; and this braking condition,
when desired, may be released by throwing the
reverse unit out of gear with the torque trans-
mission gears.

Various changes aund alterations may be made
in the exemplifying drawings and structures, as
for instance the sir-operated friction clutch in
the reversing unit might be omitted, and the re-
versing unit might idly spin while the locomotive
is traveling forward; bus it is preferable that the
reverse coupling R remain idle, and this condition
is achieved by the use of the pneumatic operated,
automatically controlled friction elutch.

While I have referred: to. the prime mover 6
as a multi-cylinder two-cycle internal combustion
engine, it will be understood that the usual four-
cycle. diesel or gasoline engine may be employed,
especially in smaller locomotives. For heavy
torque transmission and economy in large leco-
motives, the two-cycle internal combustion, com-
pression-ignition engine is preferable.

In this type of locomtive where all of the gear-
ing is enclosed by. and operates in an oil bath, a
comparatively small quantity of heat is generated,
except for that created: by the slight slippage be-
tween the impelley and the. runner when the

mechanism is started, and the radiator 79 at the.

front end: of the locomotive dissipates the heat
from. the circulating oil.

This desirable condition existing throughout
the transmission mechanism of the locomotive
permits the employment of substantially sl of
the available horse-power of the prime raover,
without the menace of excessive heat, or over-
heating, of operating parts that would otherwise
slow down the speed. of the locomotive. Thus, in
this compact combination and arrangement of
parts as shown a maximum concentration. of
horse-power, is. availaple in a minimum spsce, and
the transmission mechanism is especially. efficient

when the locomotive is engsged. in a. long and:

hard pull of a heavy load at high speed.

Various adiustments may be made in. the power.

plant, as for instance, the size and: capacity of
the- hydraulic couplings may be varied to adapt
them. for light duty, and. for heayier duties; dif-
ferent adjustinents may be made for the cil trans-

mission-valves to vary the quantity. of motive fluid-

released from, or confined in the interior of the
housings for different degrees of #orque con-
version, and the number of hydraulic couplings

may be varied. Theratios of gearing may also.be.

increased:or decreased: to suit variable speed:re-
quirements; and the. number of driving wheel
units employed: for dividing and distributing the
applied- power from the propeller shaft may also

be varied in accord with the size and: capacity of

a- locomotive.

For convenience of illustration I have shown
bevel gears-and.spur-gears in the drawings; but it
will. be understood that different types of gear
wheels .may . be-installed in-the hydromeechanical

power. transmitiing mechanism. to suit different
requirements, and-in seme cases a different type-

of reversing unit: may be used to reverse -the drive
between. the drive.shaft and:the propeller shaft.
Having thus. fully deseribed my invention; what
I, claim- as. new: and. desire- to- secure by Letters
Patentis:
1; In a. hydraulic transmission, the combina-

tion with a plurality of united:impeller- heusings-

having. bearing- hubs; and-a solid-drive shaf$ rigid
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with the housings snd extended throiigh said
hubs, of a plurality of superiraposed driven shafts
coneecntrically mounied en the drive shaft ex-
tending through and therminating in comple-
mentary hubs, & turbo~-runner enclesed in eash
housing and having a hwup rigid with a driven
shait, journal bearings interposed hetween com-~
plementary housing-hubs and runner-hubs, and
Journal Bearings interposed between each heous-
ing and a ariven shaft.

2. In g hydrauvlie transmission, the eombination
with a drive shaft and its head, an impeller hous-
ing e-mircling the shaft and having an integral
hub at one side bolted to said head, an exterior
ﬂanp"ed hub at the opposite side of the housing, a
second housing encircling the shaft and bolted to
sald: Aanged hub, and a kearing on said second
housing, of a pair of tubular superimposed: driven
shafts each terminating in a different one of said
impeler housings concentric with the drive shaft,
a turbo-runner having 2 hub encloszd in each
heusing and rofatable with a driven shaft, anti-
fricti:on bearings. interposed between said hous-

gs and the ends of complermentary driven
snaitg, said runners each having a bearing hub,
and anti-friction bearings interposed hetween
complementary housing-hubs and runner-hubs.

3. In a hydrauwiie transmission, the combing-
tioh with an enclesing casing, an impeller hous-
ing having a central hub. formed with a lateral,
annuylay recess opening to, the inierior of the
housing, and a solid drive shail journaled: in: the
casing rigid with and extending through said hub,
of a fixed radial delivery spout exterior of the:
hoysing andi supp d. within the casing having
an anpular injecting noezgle encircling the shaft
and: opening to said: vecess, and means for cors
trolling flow of. motive Huid throueh the spout,

4. In a hydraulic power transmission mech-
anism, the. combination. with: a. solid: drive shafé
and: g, plurality of united impeller-housings. lon-
gitudinally spaged: along, enecircling, snd netat-
aple: with the shaft, of a. plurality of conecentrie
tubular shafts superimposed in- the drive shatt, a.
turbo-runneyr within each, impelier-housing: and
rigid with a tubulay shafb journal bearings he-
tween. adjeining, housings. and runners; journal
bearings. between each: impeller-housing. and: the
tubqlal shaft.of its.cemplementary. runner; each:
of said.housings-having a neripheraliseries of out-
let ports- and. s valve. for controlling: said ports,.
manually: contrelled: means for injecting: motive
fiuid: inte the housings;, and. cooperating: means
far. closing. said. valves.

5. In. a. hydromeehanigal power transmission
mechanism. including an alined engine shaft and:
rotary. drive shaft, and, 3 parallel: propeller shaft,
the combination. with a pair of lmidly umted
couplings surrounding the drive shait and. one of
which couplings. is supported on. and: rotatable
with the drive shaft, each coupling having an
interior impeller and a. complementary turbine-
runner, of a tubular shaft rigid with each run-
ner angd concentric with the drive shaft, a driv-
ing gear rigid- with each tubular shaxt and.
mounted, adjacent the couplings, a comple~
mentary pair of driven gears mounted on. the
propeller shaft, and an overrunning clutch erm-
bodied in each driven gear for coaction with the
propeiler- shaft.

6. In & hydromechanical power transmission
mechanism including -an alined engine shaft and.
rotary:drive-shaft, and a parallel propeller shaft,
the combination with three rigidly united rotary
torque couplings surrounding. the. drive shaft;

e.of-said couplings being rigidly- supported on

ASN
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the drive shaft to rotate therewith, each cou-
pling having an interior impeller and a comple-
mentary turbin-runner, and a tubular shaft for
each runner concentrically mouted on the drive
shaft, of a driving gear rigid with each tubular
shaft and mounted adjacent the couplings, three
spaced driven gears mounted on the propeller
shaft for coaction with the drive gears, an over-
running, clutch embodied in each of two of the
driven, gears, and a rotary reversing unit geared
to transmit power from a third driving gear to
a complementary driven gear.
FRANK B. YINGLING.
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Seibold ___._________ Mar. 8, 1938
Griswold ___________ Jan. 10, 1939
Burrows _...____.___ Mar. 14, 1939
Burrows _._..______ Mar, 14, 1939
Ostermann ___.______ Feb, 10, 1942
Speiser _____.______ Sept. 29, 1942
Dodge - __ Aug, 15, 1944
Jencick ... ______ Apr. 2, 1946
Alben .. _________ July 29, 1947
Yingling __ ... ______ Nov. 9, 1948
FOREIGN PATENTS

Country Date
Great Britain _ ... _______ 1898
Sweden ... Jan. 8, 1935




