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Application filed March 17, 1804, 8erial No, 188,618,

To wtl whom it may concern -
Be it known that I, CnaArLES M. MANLY, a

ders and a rotating crank, adjustable while in
motion, areemployed, and, finally, in the novel

citizen of the United States, and a resident of | construction and details thereof with refer-

Washington, District of Columbia, have in-
vented certain new and usetul Improvements
in Variable-Speed (Gears, of which the fol-
lowing is a specification.

My invention relates to variable - speed-
transmitting mechanismsin which a pumping
device and a motor operated by a fluid, pref-

erably oil or water, delivered from the pump

are interposed between a prime mover and a
driven device, such fluid circulating through

-the pump and motor as a fluid connection, as

disclosed in the type forming the subject of
my Letters Patent numbered 710,485, dated
October 7, 1902.

My ob]ect 1S to promde improved, simple,
and effective means in such mechanisms as
that designated for varying at will the veloc-
ity ratio of the driven device to the prime
mover from any predetermined positive value
through zero toany other predetermined nega-
tive value, whereby the prime mover may be
run at a constant speed and the driven device
caused to operate at any desired speed be-
tween the maximum speed in one direction,
represented by the predetermmed positive
value, to a maximum speed in the reverse di-
rection, represented by the predetermmed
negative value.

MV further object 1s to accomphsh this de-
sirable result 1n such a2 manner that any flue-
tuations in“the velocity of the driven device
relative to that of thedriving device or prime
mover shall be so small at any speed as to be

practically negligible, and, finally, my object

is to provide a variable-speed gear of the char-
acter specified which shall be applicable to
any sicuation where it 1s desirable or neces-
sary to transmit varying speeds from a driv-
ing device to a driven device, and which shall
be especially adapted for use on motor-vehi-
cles and other structures where the load or
resistance varies within wide limits.

With these objects in view my Invention
consists of an improved speed-transmitting
mechanism embodying a pump ¢riven from

any suitable external source of power, amotor

connected to the pump by a fluid and adapted
to be connected to adriven device, and means

for adjusting the relative capacities of the

pump and the motor, as hereinafter more par-
ticularly pointed out in the claims; and it
further consists in a variable-speed gear of
the type indicated whereln stationary cylin-

ence to the accompanying drawings, as here-
inafter described and more particularly
pointed out In the claims.

Inthe drawings, whichillustratea preterred*

60

form in which my invention may be carried

out, Figure 1 isa central longitudinal sectional
view., Fig. 2 1s an end elevation with the
front half of the inclosing case removed look-
ing in the direction of the arrow 22 in Fig. 1.
Fig. 3 1s a partial plan view of Fig. 1 with
the inclosing case removed. Fig. 4 is a sec-
tional view on the line 4 4 of Fig. 1. Fig. 5
is a sectional view on the line 5 5 of Fig. 1.

Fig. 6 is a sectional view on the line 6 6 of
Fig. 1. Fig. 7 1s a detached end view of one
of the main castings, showing the ports and
connecting-channels and looking in the direc-
tion of the arrow 7 7 in Fig. 1. Fig. 8 is a

“detached perspective view of the crank of the

pump. Fig.9 is a detached perspective view
of the valve-crank disk of the pump. Fig.
10 is a detached partial perspective view of
the arrangement for adjusting the pump and
valve cranks.
view of one of the adjusting elements for pre-
serving theangular relation between the pump
or motor crank and the valves. Fig. 12 1s a
detached perspective view of the sleeve for
adjusting the crank, and Kig. 13 1s a diagram-
matic view hereinafter referred to.

In Fig. 1 I have shown the pump structure
on the left of the vertical medial line and the
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Fig. 11 is a detail perspective

. Q0

motor structure on the right, and as the con-

struction of both is here shown as similar a
detailed description of one—for example, the
pump—will be sufficient to clearly set forth
the manner in which both are to be made,
these two elements of the device here shown
as differing from each other only in the func-
tions performed, as hereinafter described.
Referring now to thedrawings, in which the
same reference characters relate to the same

or corresponding parts in all the views; the

numeral 20 indicates the pump-casting em-
bodying a plurality of cylindrical chambers
21, 22, and 23, constituting the pump-cylin-
ders.. Whlch may be formed in the main cast-
ing or in any suaitable manner and are radlally
dlsposed around the axial line « @ of the
structure, sich axial line passing centrally
throuch the pump and motor structures. The
cvlmders 21, 22, and 23 are provided with

- suitable ports 24 25, a.nd 26, commumcabmg,
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~ constituting the valve-chambers of the pump. |
Formed in the side of the valve-chambers op-

1O
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25 and 29, respectively.
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-~ primary driving-shaft 52, as hereinafter de-
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65 screwed into said crank-shaft and having a ' respective centers, the relative adjustments

respectively, with the cylindrical chambers

o7, 28, and 29, formed in the casting 20 and

posite the ports 24, 25, and 26 are outer and
inner ports 30 and 31, 32 and 33, 34 and 35,
respectively, which pass at a uniform radial

‘distance from each other through the web 36,

in which the pump-casting terminates on the
one side, the outer ports communicating with
acircular groove 37, which connects all of said
outer ports together, and the inner ports com-
municating with a circular groove 38, which
connects all of the inner ports together. . Pis-
tons 39, 40, and 41 are slidably mounted in
the pump-cylinders 21, 22, and 23, respec-
tively, and are connected to a radially-adjust-
able crank-pin 42 by means of connecting-
rods 43, 44, and 45, having a rocking connec-
tion with their respective pistons and adapted
to cause said pistons to reciprocate in thelr
respective cylinders when the crank-pin ro-
tates. Piston-valves 46, 47, and 48 are slid-
ably mounted in the valve-chambers 27, 28,
_ Each piston-valve is
composed of an outer head and an inner head
spaced apart a distance equal to the distance
separating the outer port of the valve-cham-
bers from the inner port thereof and joined
together by a stem. These valves are con-
nected by rods 117, 118, and 119, respec-

tively, toacrank-pin 49, carried by the valve-

crank disks 50 and 51, rotatably mounted in
and- bearing against the walls of the crank-
chanrber 110, whereby said disks are held at
right angles to the center of rotation, the
connecting-rods 117, &e., preventing lateral
movement of said disks. The eccentricity
of said crank-pin 49 with respect to the center
around which it is adapted to rotate is equal
to the distance which separates the outer and
inner ports of the valve - chambers, said

crank-pin 49 being adapted to rotate in uni-

son with the pump crank-pin 42, and there-

by cause the piston-valves to reciprocate in

their respective chambers. The crank-pin
492 is adapted to be rotated by means of the

scribed, and is here shown in its upper posi-

tion of dead-center with respect to the cylin-

der 21. The crank-pin 42, in the position
shown in Fig. 1, iseccentrically disposed with

-reference to the central axial line ¢ ¢’ and is
carried by a shaft 53, mounted in the eccen-

tric bore of a bush 54, the outer or peripheral
surface of which 1s concentric with respect to
the hub 55, in which the pump-casting termi-
nates on one side and in which said bush is
rotatably mounted. The bush 54 is connect-
ed to a sleeve 56 by means of a pin 57, screwed
into said bush, and provided with a roller 59,
operating in a spiral slot or groove 58 in said
sleeve 56. The crank-shaft 53 is also con-
nected to the sleeve 56 by means of a pin 60,

801,007

roller 62 rotatably and slidably mounted
thereon and operating in a spiral slot or
oroove 61, also formed in the sleeve 56. The
slot or groove 58 is, as here shown, a right-

hand spiral and the slot or groove 61 a left-

hand spiral.

The eccentricity of the bore in the bush 54

is preferably made equal to the eccentricity
of the crank-pin 42 with reference to its shaft
53, because when such is the case the crank-
pin 42 may be caused to move radially in a
straight line with respect to the sleeve 56 to-
ward and through the central axis ¢ ' by
such proper relative motions of the shaft 53
and the bush 54 in opposite directions as will
oive to the bush 54 one-half of the angular
displacement around the central line ¢ ¢/, and
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referred to a fixed diameter of the sleeve 56

that is given to the shaft 53 around its cen-
tral line & 4, and referred to the line connect-
ine the center of said bush 54 and the center
of said shaft 58. The rotary adjustment of

the erank-shaft 53 and the bush 54 at their -

proper relative rates, as here defined, can be

effected through the medium of the spiral slot-

and - pin connections. above described by

‘means adapted to slide the sleeve 56 back and

forth, as below described. The outer left-
hand end of the sleeve 56 terminates in a hub
63. adapted to receive the primary driving-
shaft 52 and which is connected thereto by
means of a key 64, engaging a keyway 65,
formed in the primary shaft. On the outer
surface of the sleeve 56 is a ring 66, fastened

thereto by means of screws 67, said ring hav-
ing formed in it a circumferential groove 68.

Fastened to the web 36 of the pump structure,

90' . |
05

100

by means of bolts 69 and 70, is a projecting

‘arm 71, extending up to form a bearing for
‘the primary driving-shaft 52. Fastened: to
“the projecting arm 71 is a lever 72, consisting

| of a ring large enough to allow thé ring 66to
- pass through it and terminating in the upper

105

end in a handle and in the lower endin a

yoke straddling the projecting arm 71 and

fulerumed thereto by means .of a bolt 73.
Fastened to the ring of the lever and on op-
posite sides are the two pins 74, on which are
‘mounted rollers 75, fitting 1n the groove 63
of the ring 66. For convenience I have shown
‘the primary driving-shaft 52 as broken across -

the keyway 65, said keyway 65 being of a suf-
ficient length to allow the key 64, which 1s fas-
tened to the sleeve 56, to slide back and forth
initto the extent permitted by the limits to the
motions of thesleeve, as hereinafter described.

110 -
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By moving the lever 72 the pin 74,carrying the
roller 75,working in the groove 68 of thering.

66. will cause the sleeve 56 to slide back and

forth on the primary driving-shaft 52, and the

spiral grooves 58 and 61, engaging the rollers

125

50 and 62, réespectively, mounted on the pins =
57 and 60, will impart rotary movement to

the bush 54 and crank-shaft 53 around their

130
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of said bush and said shaft being dependent |

upon the piteh of their respective spiral
orooves 58 and 61. In order to prevent the
bush 54 from slipping longitudinally in its
bearing in the hub 35 and at the same time
allow it to turnfreely in said bearing, a collar
113 is secured by screws 114 on sald bush and
bears against the outer face of the hub, and a
shoulder 115 i1s formed on the inner end of
the bush and bears against the inner face of
the hub 55. Furthermore, it i1s evident that

the crank-shatt 53 is prevented from moving

longitudinally 1n the eccentric bore of the
bush 54 by the pin 60, which bears against
the outer end of said bush, and the shoulder
116 of the crank-shatt, which bears against the

~ inmer end of said bush.
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Referring now to Fig. 6 and the diagram in
Fig. 13, 1t will readily be seen that if the rela-
tive pltChES of the spiral grooves 58 and 61
be such as to cause the bush 54 to be rotata-
ably adjusted around its axial line a o’ at one-
halt the angular rate and in the opposite di-
rection referred to a fixed diameter of the
sleeve 58 the shaft 53 is rotatably adjusted
around its axial line 4 4’ and referred to the
line connecting the center of the bush 54 to
the center of the shaft 53, the crank - pin
may be adjusted in such a way that i1ts center
will always be on the straight line « 2, vary-
ing from the maximum position represented

by the full-line circle through all positions on.

the same side of the center O, through the
center O, and through all positions to an equal
maximum one on the opposite side of the cen-
ter O. As the outer surface of the bush 54
and the sleeve 56 are concentric, the roller 59,
operating in the spiral groove 58, has no tend-

ency toslide on the pin 57; butsince theshaft

53 1s not concentric with the sleeve 56 the
roller 62, being prevented from sliding radi-
ally in its groove 61 by confining-flanges,
must be capabie of sliding on the said pin 60,
tor when the shaft 53 1s rotatably adjusted in
the eccentric bore of the bush 54 the point of
the shatt 53 at which the pin 60 enters it is
at times closer to the sleeve 56 and at times
farther away. It is, furthermore, evident
that the edges of the spiral groove- 58 will
always be parallel to radial lines with respect

to the sleeve 56, whereas the edges of the

spiral groove 61 are not always parallel to ra-
dial lines, since the pin 60 1s not always radial
with reference to the sleeve 56, the amount
that it is not radial being dependent on the po-
sition of the shaft 53 in its rotary adjustment.
The edges of the groove 61 have a twist which
1s Zero at one end of the groove and varies up
to the other end of the groove, when 1t again
becomes zero, or, in other words, the edges
become parallel to radial lines. With the po-
sition of the pin 60 located with reference to
the shaft 53, as shown in the drawings, the

maximum amount of non-radiality of the pin -

60 with reference to the sleeve 56 oceurs when

the erank-pin is adjusted to the axis a ¢’ and

equals the maximum eccentricity of the crank-
pin with reference to the axisa @’. Further-
more, in order to permit the outer flange of
the roller 59 to pass under the adjusting-ring
66 a small shallow slot 120 is cut in the inner
circumference of the said ring where it comes
directly over the spiral groove, allowing the
flange of the roller to clear the ring, and in
order to allow.the outer flange of the roller
62 to also clear the adjusting-ring the said ad-
justing-ring also has a similar slot cut in it

75

where it passes directly over the said spiral

groove 61, the latter slot being deepened for
g suflicient width and to a depth egual to the
eccentricity of the crank-shatt 53 with respect
to the axial line ¢ & in order to allow the
said pin 60 to pass under the saild adjusting-

30

ring 66 when it is moved along in the spiral

oroove, and in such movement is caused to
project an amount at this point equal to the
sald eccentricity. At the two boints, prac-
tically one-fourth the length from either end
of the spiral groove 61, the pin 60 will project
beyond thesleeve 56 an amountequal to double
the said eccentricity. Said spiral groovesthen
being made of such a pitch as to cause the shaft

53 and the bush 54 to be rotatably adjusted

around their respectiveaxesattheir properrel .
ative rates, it isreadily seen that said shaft and
sald bush may be adjusted while:they are re-
volving under the action of the primary driv-
ing - shaft 52, to which they are connected
through their respective pins, rollers, and
spiral grooves in the sleeve 56, since if in Fig.
1 the lever 72 be moved from the right to-
ward the left the sleeve 56 will also move from

right to left, and in so moving will push the:

pins and rollers in their respective grooves
around in opposite directions.
In Fig. 13 the full lines represent the first
relative positions of the crank-pin 42, shaft
53, and bush 54, while the dotted lines repre-
sent four separate relative positions of the
several parts, the single-dotted. lines indicait-
ing the first position, the double-dotted lines

Qo
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110

the second position, the treble-dotted lines

the third position, and the quadruple-dotted
lines the fourth position, from which it is
evident that the angular displacement of the
shaft 53 around its central line 6 &', and re-
ferred to the line joining the center of the
bush 54 to the center of the shaft 53 of twice
the angular dlsplacement of the bush 54
around its central line @ ¢ and referred to a
fixed diameter of the sleeve 56, will preserve
the same angular relation of the crank-pin
49 on the shaft 53 with respect to the sleeve
56. Furthermore, 1t will be seen that the
length of stroke of the pistons 43, 44, and
45 may be varied from maXimum to nil by
rotatine the shaft 53 around its central line
b b through one hundred and eighty de-
grees, and durlno' such movement to obviate
any angular dlsplacements of the crank-pin

115

120
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49 Wrbh respect to the sleeve 56 at mterme-
diate voints the said crank-pin 42 must move

 radially from the maximum to the position

10

where the stroke is nel, which result 1s effect-

- ed, as hereinbefore mdm&ted by rotating the

bush 54 at the proper rate of speed in the op-

- posite direction with respect to the rotation

of the shaft 53.
The shaft 53 is provided with a hole eztend-

iLg from end to end on the line ¢ ¢/, passing

| ‘bhrou h the center of the crank-pin, in which

hole is'a rod 73, one end of which terminates
in a square shoe 77 and the other end being
provided with a square shoe 78, fitted there-
on. One of the Valve crank dlsks, as 50, is
provided with a diametrical slot 79 of the
same width as the shoe 77 and of sufficient
length to permit said shoe to slide therein

- from its maximum upper position to its maxi-

20

3°

35

80 be

40

mum lower position, said disk 50 being main-
tained in engagement with the shoe 77 by the
connecting-rods 117. A disk 80 is secured to
the end of the shaft 52 by means of a suitable

key 81, in which disk is formed a diametrical

slot 82, parallel to the slot 79 in the disk 50,
in which slot 82 the shoe 78 1s fitted and
adapted to slide. The shaft 52 projects

_' through the boss 63 a sufficient distance when

the sleeve 56 is at its innermost position, as

shown in Fig. 1, to prevent the disk 80 from

eontact theremth It will be readily seen
from Figs. 1, 8, 9, 10, 11, and 13 that since
the cmnk-—pm 49218 ca,used to move in a straight

line with reference to a fixed diameter of

the sleeve 56,said stralght line passing through
the axial line a &/,
parallel to this straight line the shoe
78 on the end of the rod 76 will move up
and down in the slot 82 as the crank-pin is
adjusted, and that consequently the shoe 77,
moving in the slot 79-in the valve-crank dlSk

50, will cause said valve-disk to always remain

in a fixed position with reference to the sleeve

' 56, and that therefore the valve - crank 49,

. 45

 valves will therefore also be constant.. .

~ will be seen that there, is. no torsional effect- |
on the shaft 76 or the shoe 77, which is the

55

carrled by said disk, will always maintain its
same position with reference to the sleeve 56,
and the cycle of motions of the pistons and

It

sole means for driving the cmnk disk 50, ex-

cept when said shaft 76 is adjusted to a posi-

tion concentric with the axis. of rota,tlon,
which is the case when the crank-pin is ad-
justed to its position of no stroke. Assuming

- the shaft 52 to be rotating in the direction of

the arrow in Fig. 2,1 have shown the valve-

- erank 49 as ninety deﬂ‘rees in advance of the

60

pump-crank 42, and therefore as the piston

39 moves down in its cylinder 21 the piston-
valve 46 will move down in its valve-chamber

97+ but since the valve-crank and the pump-

crank must. rotate at the same speed and the

'valve-crank pin being ninety degrees in ad-

vance of the pump-crank pin it is evident

if the slot 82 in the disk:

L
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that the piston-vailve 46 will have moved down
and allowed the port 31 to communicate with
the cylinder 21 and will have returned to its
initial position (shown in Fig. 1) just as the

pump-crank pin 42 reached its lower dead-

center, and that as the pump-crank confinues

its rotation from the lower dead-center to the

upper the piston-valve 46 will move up in the

valve - chamber 27, allowing the port 30 to

communicate with the cylinder 21, and that
the said valve 46 will have a,ﬂ’a,m retumed to

its initial position (shown in Fig. 1) just as

the crank-pin 42 reached its upper dead-cen-

ter from which it started. It is therefore

evident that as the pump -crank pin 42 re-
volves, drawing the piston 39 down in the
cylinder 21, any fluid which might be in the
port 31 WIH be drawn into the cylinder 21

until the piston 39 reaches the lower limit of

its stroke, at which same time the plston-
valve 46 will have returned to its initial posi-
tion and that on the further rotation of the

crank the fluid- which had passed from the

port 31 into the cylinder 21 will be forced out
tarough the port 30 until the pision 39 reaches
the upper limit of its stroke, at which time
the piston-valve will have again returned to
its initial position and shut off the port 30,

‘and similarly for all the other cylinders, pis-'

tons, codperating valves, &c., of the pump.

It is furthermore evident that the piston-

valves will always remain copstant in this ey-
cle of operations and that as the crank-pin
492 1is adJusted and passes through the axial

line @ @' to the opposite side thereof the pis-
ton-valves still continuing through a ‘constant

70
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cycle of operations, the pump-pistons will

now be moving toward the center when the

piston-valves are moving away from the cen-
ter, and vice versa, therebv reversing the
ports 80 and 31, the port 30 now becommg

‘the suction-port and the port 31 the pressure-

port and the other cylinders and ports fol-

lowing a similar cvcle of operations and the

outer ports being connected together by the
circular groove 37 and the inner ports by the
circular groove 38, the said groove 87 will
have now become the suction-groove and the
inner groove 38 the pressure-groove.
Supposing then the shaft 52 to be revolved
in the direction shown by the arrow in Kig.
2 and the crank -pin to have its maximum

positive adjustment, as shown in Fig. 1, and.
the groove 38%to be supplied with the fluid to
pass away, the pistons 39, 40, and 41 would

suek 1n ﬂmd through the ports 31, 33, and 35

strokes and would foree this fluid out through
the ports 30, 32, and 34 and into the groove
37 while they were making their outward

strokes, and therefore cause the structure, as
described, to act as a pump, fluid being drawn

into one half of the cylinders while fluid 1is

being forced out of the other halt through.

the suction and exhaust or pressure ports and

10§

TI0

11§

126

‘while they were moving through'their inward. °
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orooves, and in order to cause said fluid to be

circulated in a closed circuit and constitute a
fluid or liquid connection between the driving
element of a power- -transmitting device con-
nected to a prime mover and the driven ele-
ment thereof I provide for the utilization of
the delivery from the pump as a means for
operating a motor-shaft independently mov-
able with respect to the pump-shaft and con-
nected to the driven part of the device, so that
the connection between the pump and said mo-
tor may be varied in such a way as tovary the
relative speeds of the two elements of the trans-
mitting device, and I preferably effect this ob-
Ject by means of a motor hereshown as similar
in all respects to the pump and on the right-
hand side of the pump structure in Fig. 1. In
Fig. 1, however, I have shown the motor only
partly in section in order to give on the same

drawinganexteriorview of theadjustinglever,

ring, sleeve, orooves, rollers, &c., thus permit-
ting the dlspos:ltmn of these parts to be more

readily understood, the sleeve on the motor.

side, however, having been shortened up for
convenience in the drawing. All of the parts
of the motor are designated by numerals
similar to their duplicate parts in the pump,
the numerals in the motor being designated
by an accent-—as, for example, the crank-pin
of the pump is designated by the numeral 42

and the crank-pin of the motor by the nu-

meral 42, and so on for all the parts. The
face of the web 36 of the pump structure fits
the face of the web 36’ of the motor structure,
and they are firmly bolted together by the bolts
83, thus joining together the outer circular
channels or grooves 37 and 37" and the inner
channels 38 and 388, and thus providing a
closed fluid-circuit between the pump and
motor. Mounted on top of the webs 36 and
36" is a supply -chamber 84, said supply-
chamber 84 being connected to the channels 37
37 and 38 38, respectively, through the pipes
85 and 86. ‘This supply-chamber 1s bored to
recelve a piston-valve 87, composed of a stem
connecting two pistons 88 and 89 and adapted

"to move back and forth in the said supply-
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chamber, but which is limited in its extent
of motion by the stops 90 and 91, formed on

the inner ends of the plugs 92 and 93 closing -

the bore of said supply-chamber 84. On the
upper side of the supply-chamber are formed
channels 94 and 95, and mounted on top of
the supply-chamber is a reservoir 96, con-
nected to the supply-chamber by means of a
pipe 97, connected to the port 98. Mounted
on top of the reservoir 96 is a pipe 99, which
serves as an alr-vent for said reservoir.

- Referring to Figs. 2 and 5, it is seen that I
have covered the end of the pump valve-
chamber 29 with a cap 100, fastened to said
chamber by screws 101. Connected to this
cap 100 1s a pipe 102, which connects the

outer end of the mlve chamber 29 with

65 the reservoir 96 and is provided .with a
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check-valiie 103, which permiﬁs fluid to pass
from the outer end of the valve-chamber 29

to the reservmr 96, but does not allow the

fluid to pass in the opposite direction from
the reservoir to the valve-chamber. Inclos-
ing the pump side of the gear is a shell or
casing 104, extending to the junction between
the pump and motor structures and provided

‘with a slot 105, in which the lever 72 plays.
| A small part of this easing is cut away at the

top to allow the supply-chamber 84 to be fas-
tened to the web of the pump structure by
means of the screws 106. Theée motor side of
the gear is similarly inclosed by a
casing 104’, having a slot 105’, in which the
lever 72 plavs Connected to the cap 100 1s
a pipe 107, which passes to a point near the
bottom of the casing, and this pipe 107 is pro-
vided with a check-valve 108, which allows
fluid to pass from the interior of the casing
up through the cap 100 into the valve-cham-
ber. 29, but does not allow the fluid to pass
in the opposite direction.

- The pump and motor cyhnders, the con-
necting ports and channels, and the reservoir
are intended to be supplled with fluid, prefer-

ably oil or water, in order to provide thefluid

connection heretofore referred to, and the
supply-chamber 84, with itaportsand passages,
and the valve 87 serve to keep the proper
amount, of fluid in the said fluid connection,
any deficit arising, due to leakage, being
made up by fluid in the reservoir 06 passing
down through the pipe 97, the port 98, and
into the suction-channel of the oear, and to
accomplish this the said piston-valve 87 auto-
matically acts in. the supply-chamber 84 in
such a way as to keep the reservoir 96 always
connected to the suction-channel of the gear,
no matter which channel happens to be the
suction one, and to keep the pressure-channel
always cut off from the reservoir 96, no mat-
ter which channel happens to be the pressure
one.
the valve 87, the distance between the two pis-
ton-heads 88 and 89 and the length of the
stops 90 and 91 on the plugs 92 and 93, re-
spectively, are such that when one head—say
88-—of the valve 87 covers the inner end of
the channel 94 the:other head 89 of the valve

| 87 will rest in the position shown, thus allow-

ing fluid to pass from the reservoir 96 through
the pipe 97 and the port 98 into the supplv-
chamber 84 between the heads 88 and 89 of
the piston-valve 87 and from there through
the channel 95 into the outer right-hand end

(in Fig. 1) of the supply-chamber, and from

there through the pipe 86 into the channels
38" and 38, should there be any deficit of
fluids in said channels, while the fiuid which
is under pressure in the channels 37 and 37,
acting through the pipe 85 and in the outer
left-hand end (in Fig. 1) of the supply-cham-
ber 84, will press against the outer end of the
head 88 of the piston-valve 87 and will keep

shell or
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65 1n the crank-chambers of the gear to pass out | motor-crank will revolve in such a direction

said valve forced against the stop 91 of the
plug 93, which in turn will cause the head 88
to close the inner end of the channel 94, which,
as 1s readily seen, will prevent any direct
communication between the pressure-channels
37 and 37" and the reservoir 96. It will thus
be seen that the piston-valve 87 normally
closes the pressure or delivery channel from
the reservoir 96 and normally opens the suc-
tion-channel thereof to said reservoir. Simi-
larly, 1t will be seen that should the pressure

on the head 89 of the piston-valve 87 be greater |

than the pressure on the head 88 said piston-
valve will be forced over against the projec-
tion 90 of the plug 92, which will permit the
channels 37 and 37’ to communicate. through
the pipe 85, the channel 94, the port 98, and
the pipe 97, with the reservoir 96, but will
shut off communication between the channels
38 and 38 and said reservoir 96.
automatic change, however, in the position of
the valve 87 can only occur when the chan-
nels 37 37 and 38 38" chanye functions, and
thus this chang'e in the position of the pistou-
valve 87 automatically connects the reservoir
96 with the suction-channels of the gear.

It should be observed that the channels 94

and 95 are made slightly less in cross-sectional

area than the pipes 85 and 86, so that the pros-
sure of the fluid passing through the pipes 85
ancl 86 at the proper times will accumulate be-
hind that piston-head which is 1n contact with
its stop., and thus readily effect the automatic
shifting of the piston-valve 87 from one side
to the other. It is furthermore evident that
should any leakage occur around the pistons
of the pump and motor or their respective

Ppiston-valves such leakage will finally settle

to the lower portion of the inclosing casings,
and I have provided for returning this fuid
to the reservoir and from this to the fluid con-
nection by means of the eap 100, fitting over
the outer end of the valve-chamber 29, and
whnich, as previously described, has connected

to 1t the pipe 107 and the pipe 102, the former

having acheck-valve allowing the fluid to pass
from the interior of the casing into the valve-
chamber 29 and the latter having a check-
valve in it allowing the fluid to pass from the
valve-chamber 29 to the reservoir 96, and
sald outer end of the valve-chamber 29, with
the piston-valve 48 reciprocating therein, tends
to cause any finid 1 the bottom of said casing
to be sucked up into the valve-chamber and
forced trom there up into the reservoir 96, and

any air being sucked up is allowed to pass out-

of the reservoir through the air-vent 99. In
orcer to permit any fluid which has leaked in
the motor side to pass to the pump side of the
casing. 1 having provided the small passage
109, which isdrilled through the webs 36 and

36" and the flanges of the projecting arms 71

and 71, near the bottom of the casing, as shown

Such an

801,007

| into the casings T have prdvided the pzlésag’es

111, drilled slightly above the bottom of the
crank-chamber 110, to insure the retention of
a small amount of fluid in the bottom of the
crank-chamber, so that it mayv be thrown

around by the valve-disks, and thereby lubri-
cate the working parts situnated therein.

The operation of the device is as follows:
Suppose the parts to be in the positions shown
in Fig. 1, where the crank-pin 42 of the pump
1s ab its point of maximum throw, the piston
39 at 1ts upper dead-center in its cylinder 21,
and the other pistons of the pump occupying
relative positions corresponding with their an-
gular displacement around the crank-pin, and
the corresponding crank-pin 42’ of the motor
being at its point of maximum throw and at
its lower dead-center and the other pistons of

the motor being in their corresponding rela-
tive positions around the crank-pin 42’. The -
cylinders, channels, valve-chambers, ports,

&c., of both the pump and motor having been
supplied with oil or water and a reserve
amount being supplied to the reservoir 96,
the pump crank-pin is caused to rotate through
the medium of the primary driving shaft 52,
supposed to be connected to some prime mover,
by which operation the pistons are caused to
reciprocate in the pump-cylinders as the said
crank-pin rotatesaround the central axial lne
@ @', thus acting upon the fluid in the eylinders
to torce the same through the respective ports
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24, 25, and 26 into the valve-chambers 27, 28,

and 29, respectively, and from said valve-
chambers through the ports 30, 32, and 34
into the channel 37 and to suck fluid from the
channel 38 through the ports 31, 33. and 35
1nto the valve-chambers 27, 28, and 29, respec-
tively, and from said valve-chambers through
the ports 24, 25, and 26 into the cylinders 21.
22, and 23, respectively. As the direction of
rotation of the pump-crank is supposed to be
fixed, the relative angular position of the valve
crank-pin with respect to the pump crank-pin
will determine which of the circular channels
is the pressure one and which is the suction
one, the outer circular channel being the pres-
sure-channel and the inner circular channel
the suction-channel when the pump-valve

.crank-pin is ninety degrees in advance of the

pump crank-pin and the outer channel being
the suction-channel and the inner one the
pressure-channel when the valve crank-pin is
ninety degrees behind the pump crank-pin.
It is furthermore seen that both the position
of the pressure-channel, whether it be the in-
ner or outer one, and the position of the mo-
tor-valve crank-pin will determine the direc-
tion of rotation of the driven shaft, since if
the outer channel be the pressure-channel the
motor-crank will revolve in such a direction
that the motor-valve crank-pin is ninety de-
grees behind the motor crank-pin, whereas if

in Kig. 2, and in order to permit fluid leaking | the inner channel is the pressurc-channel the
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that the motor-valve crank-pin is ninety de- !

arees in advance of the motor crank-pin, and
since it is possible in assembling the device
to put the motor-valve crank- dlsks in such a
position as to cause the motor crank-pin to

- revolve In elther direction when either chan-
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nel is the pressure-channel, and since it is
also-possible in assembling the device to put
the pump crank-disks in so that either chan-
nel will be the pressure or suction channel,

the normal relative directions of rotations of.

the driving and driven shafts when the adjust-
nﬂ'-sleeves are in their extreme inner posi-
tions will be determined by the relative posi-
tions of the pump and motor valve crank-pins,
respectively. In Fig. 11 have shown the de-
vice as so assembled that when the adjusting-
sleeves are both at their extreme inner posi-

tions the motor operates to drive the driven

shaft in the opposite direction from the di-

rection of rotation of the driving-shaft, and,

furthermore, as heretofore mentioned, the
pump parts are so assembled that when the
direction of rotation of the driving-shaft is
as 1s shown by the arrow in Fig. 2 and the

“adjusting-sleeve is at its inner extreme posi-

tion the outer channels 37 37 will be the
pressure-channels and the inner channels 38
38" will be the suction-channels. It is now
evident that if the number of cylinders, the
bore of the cylinders, and the stroke of the
cranks are the same 1n both the motor and
the pump, and the parts are in the relative

positions shown 1n Fig. 1, and the driving-

shaft be rotated in either direction thedriven
shaft will be revolved by the motor in the op-
posite direction to that of the driving-shaft
and at the same speed, since the motor will
recelve fluid under pressure and return it back
to the pump without pressure as fast as the
pump furnishes the fluid under pressure to
the motor and receives it without pressure
from the motor. It is furthermore evident
that if the stroke of the pump be decreased
anywhere between 1ts positive maximum
and zero and the stroke of the motor remains
the same the motor, and consequently the
driven shaft, will revolveat a decreased speed,
the amount of decrease in the Speed being

exactly propor tional to the decrease in lenﬂ'th'
of stroke in the pump, since the capacity of.

the motor remaining the same the pump will
have to make a proportionately larger num-
ber of strokes of decreased length in order to
supply the motor with the decreased number
of strokes of the original length, and it i1s
furthermore evident that since as the length
ot stroke of the pump i1s decreased a uniform
torque on the driving-shaft will be able to
force the fluid over to the motor at a propor-
tionately -increased pressure, and since the
proportionately-increased pressure acting on
the original length of stroke of the motor
will be able to correspondingly increase the

torque of sald motor that the torque on the | ¢ ¢’ we may by also adjusting the motor crank- 130

R | ——

driven shaft will increase in a ratio corre-
sponding with its decrease in speed. It is
furthermore evident that when the pump
crank-pin is adjusted to 1its zero position, or
where it has no stroke, that no fluid will be
furnished to the motor and that, therefore,
the motor-shaft will not revolve, and conse-
quently the driven shatt will not revolve.

1t is again evident .that if the adjustment of
thé pump-crank be still further continued, so
that the crank-pin passes beyond its zero po-

sition to a position on the side of the axial
line opposite to-that which it formerly occu-
pied, that-the pump-valve crank-pin will now
be ninety degrees behind the pump-crank
instead of ninety degreesin advance, as it first

was, and that, theretme the channels which

were formerly the pressure-channels will be-

come the suction-channels, and the channels

which were formerly the suction-channels will
become the pressure-channels, and conse-
quently the motor will revolve in the oppo-

site direction, fthereby causing the driven

shait to revolve in the opposite direction,
and the speed and torque of the driven shaft
will depend on the amount that the pump
crank-rin is adjusted beyound its center or
Zero posmlon It is furthermore evident
that since the adJustmﬂ'—sleeve may be moved
through all positions between its extreme
inner ::md outer posivions that the pump crank-

mum represented by its limit of adjustment
on one side of its zero position to a negative

maximum represented by its extreme limit

of metion on the opposite side of its zero
position, provided the adjusting-sleeve 1s of
such a iength and the spiral grooves of such
a pitch and length asto allow for such adjust-
ment, said grooves needing for such adjust-

ment from a positive maximum to a negative
maximum to be of such a length as to cover.

one hundred and eighty degrees each of the
circumference of the adjusting-sleeve, and
therefore, to prevent the spiral grooves from
ranning into each other or from cutting the
sleeve In two, one groove is placed in a posi-
tion longitudinally in advance of the other.-
The above deseription of thedevice is based
on the supposition that the adjustment of the
motor crank-pin has been kept constant and

to 1ts maximum position, as shown in Fig. 1.

In this position of the adjustment of the
motor crank-pin the motor exerts 1ts maxi-.
mum torque.

Now suppose the driven devwe while re-
quiring some predetermined speed also re-
quires very little torque. It will be seen that
by adjusting the crank-pin of the pumyp nearer
to its position of no stroke than would be re-
quired to give the desired speed to thedriven
device when the crank-pin of the motor is at
1ts maximum adjustment from the center line
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pin may be caused to assume all possible
| lengths of stroke between a positive maxi-
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pin nearer to the center line or axis @ by [ mover or driving device and the driven de-
vice is such that the various changes of speed

its device similar to that employed for adjust-

ing the pump erank-pin obtain the degired
speed and torque and at the same time obvi-

ate any excessive travel of the pistonsin their
respective cylinders. It is also apparent that
by having the crank-pin of the pump and the
crank-pin of the motor both adjustable it is

possible to secure a greater range of velocity-

ratio between the motor and the pump, and
consequently between the driven device and

. the prime mover, than if they were not both
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‘adjustable. 1tisfurthermore seen that by hav-

Ing both the pump and motor crank-pins ad-
justable either side of the device may.be used
aﬁdthe pump side and either side as the motor
side. -

1t is also possible to use my device as a
brake, since with a practically non-compressi-
ble fluid connection, if the pump crank-pin
1s adjusted to zero, 1t is impossible for the
motor crank-pin, and therefore forthe driven
shatt, to revolve, since in the driven device

any revolving would revolve the motor crank-
pin, wnich would create a pressure in the cyl-

inders of the motor; but since the fluid so re-
ceived into the fluid-circuit under pressure
would have no opportunity for exit it would
be impossible for the crank-pin of the motor

to revolve or therefore for the driven device

to revolve, and it is therefore also evident
that by the adjustmentof the pump crank-pin
1t 1s possible to allow the motor to revolve at
any speed that is desired. It is also evident

that if the primary driving-shaft be caused to -

cease revolving and the motor crank-pin be
adjusted to its zero position that the motor
crank-pin, and consequently the driven shaft,
may be allowed to revolve freely at any speed
whatsoever. |

1t 1s furthermore evident that if it is not
desired to adjust the motor erank-pin that the
crank, eccentric-bush, adjusting-sleeve, lever,
ac., of the motor may be replaced by a crank
of the usual form having a pin projecting
from the crank-pin into the slot in the motor-
valve disk to drive the motor-valves, and that
such a crank-shaft in said” motor may be ex-
tended beyond the easing to connect to any
driven device or shaft. ) |

From the foregoing description it will be

seen that by my invention 1 .provide means

for varying the relative speeds of the driven
member of a power-transmitting device with
respect to the driving member thereof which
1ssusceptible of wide application and in which
the velocity ratio can be readily decreased
from a maximum to 7/, and vice versa, by in-
initely small amounts and the direction of
rotation of the driven device reversed and its
velocity ratio in such reverse direction in-

- creased by infinitely small amounts from nzl

65 riations in the relative speeds of the prime |

to maximum, and vice versa. Furthermore,
my construction with such wide range of va-

from a maximum through réversal to a maxi-
mum in the reverse direction may be effected
by the simplest movements of the controlling
device, for it is’obvious that such controfling

“device need be moved in one direction only to

effect the various changes incident to the

change from a predetermined positive value

to a predetermined negative value.

While I have shown three eylinders in the
pump and three in the motor, it will be un-
derstood that a greater or less number may
be used, if desired, and that the number of
cylinders of the pump may be greater or less

‘than the number of cylinders of the motor
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without departing from the scope of my in- -

vention, and it is to be further understood
that the normal capacity of the pump or mo-
tor cylinders may be either the same or dif-
ferent and that the individual cylinders may
be of the same or different normal capacities,
according to the nature of the device to which
my invention is applied. . .

It will of course be understood that wher-

ever necessary the joints will be suitably

packed by any of the means well known to

- the art.

I claim as my invention—

1. 'A variable-speed gear comprising a driv-
ing element, consisting of multiple stationary
cylinders, codperating pistons and a Crank
acting as a.-pump, a driven element consisting

of multiple stationary cylinders, cobperating -

pistons and a crank acting as a motor, a fluid
connection between the pump and motor, and
means for altering the relative capacities of
the pump and motor, substantially as de-
scribed. | | -

2. A variable-speed gear comprising a driv-
ing element, consisting of multiple stationary
cylinders, codperating. pistons and a crank
acting as a pump, adriven element consisting
of multiple stationaiy cylinders, codperating
pistons and a crank acting as a motor, a fluid
connection between the pump and motor, rel-
atively movable valves controlling the passage
of fluid between said pump and motor, and
means for altering the relative capacities of
the pump and motor, substantially as de-
scribed. o |

3. A variable-speed gear comprising a driv-
ing element, consisting of multiple stationary
cylinders, codperating pistons and a crank
acting as a pump, a driven element consisting
of multiple stationary cylinders, codperating
pistons and a crank acting as a motor, a fluid

‘connection between the pump and motor, and

means for altering the relative capacities of
the pump and motor and adapted to change
the direction of rotation of the motor, sub-
stantially as described.

4. Avarlable-speed gear comprising a driv-
ing element, consisting of multiple stationary
cylinders, cooperating pistons and a crank
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acting as a pump, adriven element consisting
of multiple stationary cylinders, codperacing

- pistons and a crank acting as a motor, a fluid
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connection between the pump and motor, rel-

atively movable valvescontrolling the passage

of flnid between said pump and motor, and
means for altering the relative capacities of
the pump and motor and adapted to change
the direction of rotation of the motor, sub-
stantially as deseribed.

5. A variable-speed gear comprising adriv-
ing element, consisting of a multiple station-
ary radial cylinder-pump, the crank-shaft of
which is adapted to be connected to adriving
device, a driven element consisting of a mul-

tiple stationary radial cylinder - motor, the.
crank-shaft of which 1s adapted to be con-.

nected to a driven device, a fluid connection
between the pump and motor, and means for

_Varvmcr the capacity of the pump, substan-

tially as described.

6. A variable- speed gear comprising a driv-
1ng element, consisting of a multiple station-
ary radial cvhnder—pump the crank-shaft of
which is adapted to be connected to a driving
device, a driven element consisting of a mul-
tiple stationary radial cylinder - motor, the
crank - shaft of which-is adapted to be con-
nected to a driven device, a fluid connection
between the pump and motor, and means for

varying the capacity of the motor, substan-
tially as described.

7. A variable-speed gear comprising a driv-
1ng element, consisting of a multiple station-
ary radial cylinder-pump, the crank-shaft of
which is adapted to be connected to a driving
device, a driven element consisting of a mul-
tiple stationary radial cylinder - motor, the

crank -shaft of which is adapted to be con-

nected to a driven device, a fluid connection
between the pump and motor, and means for
varying the relative capacities of the pump
and motor, substantially as deseribed.

3. A variable-speed gear comprising a driv-
ing element, consisting of a multiple station-
ary radial cylinder-pump, the crank-shaft ot
which 1s adapted to be connected to a driving

device, a driven element consisting of a mul-
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tiple stationary radial cylinder - motor, the
crank -shaft of which is adapted to be con-
nected to a driven device, a fluid connection
between the pump and motor, and means for
varying the capacity of both the pump and
motor, substantially as described.

9. A variable-speed gear comprising a driv-
1ng element, consisting of multiple stationary
radial cylinders, cooperating pistons and a

crank acting as a pump, a driven element con-

sisting of multiple stationary radial eylinders,
codperating pistons and a crank acting as a.
motor, a fluid connection between the pump
and motor and means for altering the relative

capaclties of the pump and motor, substan- |-

tially as described.

ing element, conmstmg of multlple stationary -
radial cvhnders, codperating pistons and 'a

[ =

crank acting as a pump, a driven element con-

sisting of multiple stationary radial cylinders,
codperating pistons and a crank acting as a

motor, a fluid connection between the pump

and motor, and means for altering the relative

capacities of the pump and motor and adapted
to change the direction of rotation of the mo-
tor, substantially as described. -

11. A variable-speed gearcomprisingadriv-
ing element, consisting of a multiple station-
ary cylinder-pump, the crank-shaft of which

is adapted to be connected to a driving device,

a driven element consisting of a multiple sta-
tionary cylinder-motor, the crank-shaft of
which is adapted to be connected to a driven
device, a fluid connection between the pump

‘and motor, valves interposed between the

pump and motor and by which a fluid may
pass to connect said pump and motor, and
means for varying the capacity of the pump,
substantially as described.

12. A variable- Speed oear comprising adriv-
ing element, consisting of a multiple station-
ary cvlmder -pumnp, the crank-shatt of which

73

8o

90

is adapted to be connected to a driving device, -
a driven element consisting of a mulftiple sta-

tionary cylinder-motor, the crank-shatt of
which is adapted to be connected to a driven
device, a fluid connection between the pump
and motor, valves interposed between the

| pump and motor and by which a fluid may

pass to connect said pump and motor, and

‘means for varying the capacity of the motor,

substantially as described.
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'13. A variable-speed gear com prisinga driv- -

ing element, consisting of a multiple station-
ary cylinder-pump, the crank-shaft of which

is adapted to be connected to adriving device,

105

a driven element consisting of a multiple sta-

tionary cylinder-motor, the crank-shatt of
which is adapted to be connected to a driven

device, a fluld connection between the pump

and motor, valves interposed between the
pump and motor and by which a fluid may
pass to connect said pump and motor, and
meansfor varying the relative capacities of the
pump and motor, substantially as described.
14. A-variable-speed gear comprisingadriv-

1ing element, consisting of a multiple station-

ary cylinder-pump, the crank-shaft of which
1s adapted to be connected to a driving device,

a driven element consisting of a multiple sta-

tionary cylinder -motor, the crank-shaft of
which is adapted to be connected to a driven
device, a fluid connection between the pump
and motor, valves interposed between the
pump and motor and by which a fluid may
pass to connect saild pump and motor, and
means for varying the capacity of boththe
pump and motor, substantially as deseribed.
15. A variable-speed gearcomprisingadriv-

YIO

115

120

125

‘ ing element, consisting of multiple stationary
10. A variable-speed gear comprisingadriv- | cylinders, codperating pistons and a crank act- 130
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1ng as a pump, a driven element consisting of |
multiple stationary cylinders, cooperating pis-
tons and a crank acting as a motor, a fluid
connection between the pump and motor,

valves interposed between the pump and motor

and by which a fluid may pass to connect said
pump and motor, and means for altering the
relative capacities of the pump and motor,
substantially as described.

16. The combination with cylinders, coop-
erating pistons therein, and a rotating crank-
pin to which said pistons are connected carried
by a shaft, of a bush having an eccentric bore
1n which the crank-pin shaft is mounted, a
bearing for the bush concentric with the axis
of rotation of the crank-pin, a member slidable
with reference to the bush and crank-shaft
and connected thereto to cause the bush and
crank-pin to be adjusted with reference to each
other as sald member is moved, substantially
as described. - |

17. A variable-speed gear comprising a driv-
Ing element, consisting of a multiple station-
ary cylinder-pump, the crank-shatt of which
1s adapted to be connected to a driving device,

~a driven element consisting of a multiple sta-
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tionary cylinder-motor, the crank-shaft of
which is adapted to be connected to a driven
device, a fluid connection between the pump
and motor, reciprocating valves interposed
petween the pump and motor and by which a
fluid may pass to connect said pump and motor,
and means for varying the capacity of the

puinp, substantially as deseribed.

18. A variable-speed gear comprisinga driv-
Ing element, consisting of a multiple station-

‘ary cylinder-pump, the crank-shaft of which

1s adapted to be connected to a driving device,
a driven element consisting of a multiple sta-
tionary cylinder-motor, the crank-shaft of
which is adapted to be connected to a driven
device, a fluid connection between the pump
and motor, reciprocating valves interposed
vetween the pump and motor and by which a
fluld may passto connect said pump and motor,
and means for varying the capacity of the
motor, substantially as described.

19. A variable-speed gearcomprisingadriv-

1ng element, consisting of a multiple station-

ary cylinder-pump, the crank-shaft of which
is adapted to be connected to a driving device,
a driven element consisting of a multiple sta-
tionary cylinder - motor, the crank-shatt of
which 1s adapted to be connected to a driven
device, a fluid connection between the pump
and motor, reciprocating valvesinterposed be-
tween the pump and motor and by which a
fluid may pass to connect said pump and mo-
tor, and means for varying the relative ca-
pacities of the pump and motor, substantially
as described. - . '
20. A variable-speed gear comprisingadriv-
ing element, consisting of a multiple station-
ary cylinder-pump, the crank-shaft of which

1s adapted to be connected to adriving device, |

L
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a driven element consisting of a multiple sta-
tionary cylinder - motor, the crank-shaft of
which is adapted to be connected to a driven
device, a flnid connection between the pump
and motor, reciprocating valvesinterposed he-

. tween the pump and motor and by which a

fluid may pass to connect said pump and mo-
tor, and means for varying the capacity of
both the pump and motor, substantially as de-
scribed.

21. A variable-speed gear comprisingadriv-
ing element, consisting of multiple stationary
cylinders, codperating pistonsand acrank act-
Ing as a pump, adriven element consisting of
multiplestationary cylinders, cosperating pis-
tons and a crank acting as a motor, a fluid
connection between the purnp and motor, re-

‘ciprocating valves interposed- between the
pump and motor and by which a fluid may
pass to connect said pump and motor, and
means for altering the relative capacities of
the pump and motor, substantially as de-
seribed. | .

22. A variable-speed gear comprising adriv-
Ing element, consisting of multiple stationary
cylinders, codperating pistons and a erank act-
Ing as a pump, a driven element consisting of
multiple stationary eylinders, cosperating pis-
tons and a crank acting as a motor. a Huid
connection between the pump and motor, re-

ciprocating valves interposed Dbetween the
pump and motor and by which a fluid may
pass tu connect sald pump and motor, and
means for altering the relative capacities ol
the pump and motor and adapted to change
the direction of rotation of the motor, substan-
t1ally as deseribed. |

23. A varlable-speed gear comprisinga driv-
ing element, consisting of a multiple station-
ary cylinder-pump, the crank-shaft of which
1s adapted to be connected toa driving device,
a driven element consisting of a multiple sta-
tionary cylinder -motor, the eranlk-shaft of
which isadapted to be connected toadriven de-
vice, a fluid connection between the pump and
motor. and means for adjusting either of said
crank-shafts, whereby the relative capacities
of the pump and motor may be varied, sub-
stantially as deseribed. |

24. A variable-speed gear comprisinga driy-
ing element, consisting of a stationary cylin-
der-pump having a plarality of cylinders, co-
operating pistons in said cylinders, and a
crank-pin eccentrically disposed with refer-
ence to 1fs center of rotation and connected
to the pistons, a driven element consisting of
a stationary cylinder-motor having a plurality
of eylinders, coéperating pistons in said cyl-
inders, and a crank-pin eccentrically disposed
with reference to its axis of rotation, a fluid
connection between the pump and motor, and
means for altering the relative capacities of
the pump and motor, substantially as de-
scribed. -

25. A variable-speed gear comprising adriv-

"¢

15

30

Q0

95

100

105

110

118

120

125

130



10

20

25

ing element, consisting of a stationary cylin-

der-pump having a plurality of cylinders, co-
~operating pistons in said cylinders, and a
‘¢rank-pin eccentrically disposed with refer-

ence to its center of rotation and connected to
the pistons, a driven element consisting of a
stationary cylinder-motor having a plurality
of cylinders, cobperating pistons in said cyl-
inders, and a crank-pin eccentrically disposed

with reference to its axis of rotation, a fluid

connection between the pump and motor, and
means for altering the eccentricity of eithe
crank-pin, substantially as described.

26. A variable-speed gear comprisingadriv-
ing element, consisting of a stationary cylin-

der-pump having a plura,lity of cylinders, co-

operating pistons in said cylinders, and a
crank-pin eccentrically disposed with refer-
ence to its center of rotation and connected to
the pistons, a driven element consisting of a
stationary cylinder-motor having a plurality
of cylinders, cobperating pistons in said cyl-
inders, and a crank-pin eccentrically disposed

‘with reference to its axis of rotation, a fluid
connection between the pump and motor, and

means for altering the eccentricity of the
crank-pin of the pump, substa,ntlallv as de-

~ scribed.

3@

35

97. A variable-speed gear com prlsmﬂ'a drlv-_

ing element, consisting of a stationary cylin-
der-pump having a plurality of cylinders, co-
operating pistons in said cylinders, and a
crank-pin eccentrically disposed with refer-
ence to its center of rotation and connected to
the pistons, a driven element consisting of a
stationary cylinder-motor having a plurality
of cylinders, cotperating pistons in said cyl-
inders, and a crank-pin eccentrically disposed

- with reference to its axis of rotation, a fluid

40

45

50.

connection between the pump and motor, and
means for altering the eccentricity of the

crank-pin.of the motor, substa,ntlallv as de-
scribed. |

928. A variable-speed gear comprisingadriv-
ing element, consisting of a stationary cylin-
der-pump having a plurality of e¢ylinders, co-

operating pistons in said cylinders, and a

crank-pin eccentrically disposed with refer-
ence to its center of rotation and connected to

the pistons, a driven element consisting of a
stationary cylinder-mofor having a plurahty

of cylinders, codperating pistons in said cyl-

- 1nders, and a crank-pin eccentric&lly disposed

535
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with reterence to i1ts axis of rotation, a fluid
connection between the pump and motor and
means for altering the relative capacities of

the pump and motor while either crank-pin is

in motion, substantially as described.

29. A mmable-speed cearcomprisingadriv-
ing element, consisting of a stationary cylin-
der-pump having a plurality of cylinders, co-

operating pistons in_ said cylinders, and a |

crank-pin eccentrically disposed with refer-
ence to its center of rotation and connected to

801,097

stationary cylinder-motor having a plurality

'k

of cylinders, co6perating pistons in said cyl-

inders, and a crank-pin eccentrically disposed

with reference to its axis of rotation, a fluid.

connection between the pumpand motor, and
means for altering the relative capacities of

the pump and motor while either crank-pin is

in motion, and adapted to change the direc-
tion of roba,tlon of the motor, substantla,llv as
describad.

'80. A variable-speed gear comprisingadriv-

r | ing element, consisting of a multiple station-

ary cylmder - pump, the crank - shaft of
which is adapted to be connected to a driving
device, a driven element consisting of a mul-
tiple stationary cylinder - motor, the crank-

shaft of which is adapted to be connected to
a driven device, a fluid connection between the

pump and motor, and means for varying the

relative eapacities of the pump and the motor

from a maximum through zero, substantially
as described. |

31. A Varlable-Speed gear comprising adriv-

70

Ve

30

ing element, consisting of a multiple station-

ary cylinder - purap, the crank - shaft of

90

which is adapted to be connected to a driving

device, a driven element consisting of & mul-
tiple stationary cylinder-motor, the crank-
shaft of which is adapted to be connected to
a driven device, a fluid connection between the

95

pump and motor, means for automatically re- .

turning to the fluid connection any fluid that

has leaked therefrom, and means for varying -

the relative capamtles of the pu mp and motor,
substantially as described.

32. A variable-speed gearcomprisingadriv-

ing element, consisting of a multiple station-
ary cylinder - pump, the crank - shaft of
which 1s adapted to be connected to a driving
device, a driven element consisting of a mul-
tiple stationary cylinder-motor, the erank-
shaft of which is adapted to be connected to
a driven device, a fluid connection between the

100

105

pump and motor and having pressure and suc-

tion sides thereof, a reserve-fluid reservoir,

means for connectinfr sald fluid in said reser-

voir to the suction SIde of said fluid connection,
and means foraltering the relative capacities of
the pumpand motor,substantially as described.
33. A variable-speed gearcomprising adriv-
ing element, consisting of a stationary cyl-
inder-pump having a crank-shaft adapted to
be connected to a drwmﬁ' device, a driven ele-
ment consisting of a stationary cylinder-mo-
tor and h&vmcr a crank-shaft adapted to be

connected to a “driven device, a fluid connec-

tion having pressureand suction sides between

the pump and motor, means for varying the

relative capacities of the pump and motor, and
adapted to change the direction of rotation of
the motor, a reserve-fluid reservoir, and means
for automatieally maintaining communication
between the suction side of said fluid connec-

tion and said reserve-fluid reservoir, substan-

65 the pistons, a driven element consisting of a | tially as described
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34. A variable-speed gearcomprisingadriv- ! to said bush being equal to the eccentricity of

Ing element, consisting of a stationary cyl-
inder-pump having a crank-shaft adapted to
be connected to a driving device, a driven ele-
ment consisting of a stationary eylinder-mo-

tor and having a crank-shaft adapted to be

connected to a driven device, a fluid connec-
tion having pressure and suction sides between
the pump and motor, means for varying the

relative capacities of the pump and motor and

adapted to change the direction of rotation of

‘the motor, a reserve-fluid reservoir, means for

automatically maintaining communication be-

tween the suction side of said fluid connec-

tionand said reserve-fluid reservoir, and means
for automatically returning to the fluid con-

‘nection any leakage therefrom, substantially

as described. |

35. A variable-speed gear comprisinga driv-
ing element consisting of a pump having a
plurality of cylinders, cooperating pistons in
sald cylinders, and a crank to which the pis-
tons are connected, a driven element similarly
constructed, a fluid connection between the
pump and motor, valves for controlling the
passage of fluid between the pump and mo-
tor, means for causing one of said valves to
operate as a pump, means for causing any
fluid leaking from said fluid connection to be
pumped back thereto bv the operation of said
valve as a pump, and means tor varying the
relative capacities of the pump and motor,
substantially as described.

36. A variable-speed gear comprisingadriv-
ing clement, consisting of a stationary cyl-
inder-pump having a plurality of cylinders,
cooperating pistons therein, a crank- pin to
which said pistons are connected, a crank-
shatt eccentrically disposed with reference to
the axis around which it is adapted to revolve
and on which said crank - pin is mounted, a
bush the outer peripheral surface of which is
concentric with the axis around which it is
adapted to revolve and having the said erank-
shatt eccentrically mounted therein, means
for simultaneously,adjusting said crank-shaft

and said bush in opposite directions and for

causing the eccentricity of said crank-pin to
be thereby adjusted, a motor similarly con-
structed, means for enabling rotations of the
pump crank-pin to cause the motor crank-pin
to rotate, substantially as deseribed.

37. A variable-speed gear comprisingadriv-
ing element, consisting of a stationary cyl-

- inder-pump having a plurality of cylinders,

codperating pistons therein, a crank-pin to
which said pistons are connected, a crank-
shatt eccentrically disposed with reference to
the axis around which it is adapted to revolve

and on which said crank-pin is eccentrically

mounted, a bush the outer peripheral surface
of which 1s concentric with the axis around
which 1t i1s adapted to revolve having said
crank-shafteccentrically mounted therein, the

sald crank - pin with respeet to said erank-

shaft, means for simultancously adjustine said

crank -shaft and said bush around their re-

spective centers, means for adjusting said bush

around 1ts center in a direction opposite to the

direction of adjustment of said erank-shatt

and at one-half the speed of the adjustment

of said crank-shaft around its center thereby
causing the eccentricity of the crank-pin to
be adjusted, a motor similarly constructed,
means for enabling rotations of the pump
crank-pin to cause the motor crank-pin to ro-
tate, substantially as described.

38. A variable-speed gear comprising a driv-
Ing element, consisting of a stationary cyl-
inder-pump having a plurality of cylinders,

-cobperating pistons therein, a crank-pin to
which said pistons are connected, a crank-

shatt eccentrically disposed with reference to
the axis around which it is adapted to revolve
and on which said crank-pin is eccentrically

‘mounted, a bush the outer peripheral surface

of which 1s concentric with the axis around
which it is adapted to revolve and having the
said crank-shatt eccentrically mounted there-
In, means for simultaneously adjusting -said

crank-shaft and said bush in opposite direc-

tions and for causing the eccentricity of said

crank-pin to be thereby adjusted, a motor hav-

ing a plarality of eylinders, codperating pis-
tons therein, a crank-shaft having a crank-
pin eccentrically mounted therecon and to
which said pistons are connected, means for

enabling rotations of said pump crank-pin to

cause rotations of sald motor crank-pin, sub-
stantially as described.

39. A variable-speed gear comprising a sta-
tionary cylinder-pump structure, a stationary
cylinder-motor structure, a web interposed
between the two provided with annular pas-
sages, ports 1n the cylinders of the pumyp and
motor structures, valve - chambers having
ports connected with said annular passages,
and valves in said chambers controlling the
passage of fluid between the pumip and motor
structures and operating to connect one of the
annular passages with the pressure-ports of
the pump structure and the other with the suc-
tion-ports thereof, substantially as described.

40. A variable-speed gear comprisingadriv-
ing element consisting of a pump, a codp-

erating crank-pin, a driven element consist- -

ing of a motor, an adjusting element having
grooves or slots therein, devices coactinge with
sald grooves orslots constructed and arranged,
as sald adjusting element is moved, to adjust
the eccentricity of the said pin while in mo-
tion, substantially as deseribed. .

41. 1In a variable-speed gear, the combina-

tion with a pump or motor structure compris-
Ing eylinders and codperating pistons therein,
a rotating crank-pin to which said pistons are
connected, means for adjusting said crank-pin
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valves governing the admission and exhaust | 48. In a variable speed-gear, the combina-

of fiuid to and from the cylinders, connections
between the crank-pin and the valves for op-
erating the latter and comprising a member
movable with the crank-pin, said connections
beine constructed and arranged to preserve
the ancular relation between the valves and
crank-pin when the latter is adjusted, sub-
stantially as described. |
492. In a variable-speed gear, the combina-
tion with a pump or motor structure compris-
ing cylinders and codperating pistons therein,
a rotating crank-pin, means for adjusting said
erank-pin to vary the capacity of the pump
or motor, reciprocating valves controlling the
admission and exhaust of fluid to and from
the cylinders, a disk carrying a valve-crank
having a constant angular relation to the
crank-pin, a slidable connection between said
crank-disk and the adjustable crank-pin, said
connection being constructed and arranged to
preserve the constant angular relation be-
tween the said erank-pin and valve-crank, sub-
stantially as described. |
- 438. A variable-speed gear comprising a sta-
tionary cylinder pump and motor structure,
reciprocating pistons, passages between the
pump and motor, valves controlling the said
passages, and a single adjusting means con-
trolling the variations of speed between the
motor and pump.-between a maximum 1n one
direction through zero to a maximum in the

" reverse direction, substantially as described.

35

44. A variable -speed gear, comprising a
pump structure, a motor siructure, passages

~ for fiuid between the two, valves controlling

40

45

50

‘nection any leakage therefrom, substantially
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said passages the functions of which passages
change from pressure tq suction, a fluid-res-
ervoir, means for pumping leakage to the res-
ervoir, and a supplementary valve automat-
ically acting to supply deficit of fluid to the
suction-passage, substantially as described.
45. In a variable-speed gear, the combina-
tion with a pump and a motor having a fluid
connection between them, means for collect-

ing leakage of an auxiliary pump adapted to |

return to the fluid connection such leakage,
substantially as described. ' ,

46. In a variable-speed gear, the combina-

tion with a pump and a motor having a fluid -

connection between them, of a pump auto-
matically operating to return to the fluid con-

as described. .

47. In a variable-speed gear, the combina-
tion with a pump structure and a motor struc-
ture comprising cylinders and cooperating
pistons, passages between the pump and mo-
tor, valves controlling the passage ot fluid be-
tween the pump and motor, a fluid-reservoir

for supplying fluid to the suction side of the

pump, and means for causing one of the valves
to act as a pump to return to the fluid con-

nection any leakage therefrom, substantially
as described. ~ ‘

tion with a pump structure and a motor struc-
ture comprising cylinders and codperating
pistons, passages between the pump and mo-
tor, valve-chambers having valves controlling
the passage of fluid between the pump and
motor, a fluid-reservoir for supplying fluid to
the suction side of the pump, and a cover for
one of the valve-chambers with conduits pro-
vided with check-valves connecting the reser-
voir with said chamber and with leakage-space
of the structure, thereby causing said valve
to act as a pump to return leakage to the fluid
connection, substantially as described..

49. A variable-speed gear, comprising a
pump and a motor, a fluid connection between

reservoir, an auxiliary pump for pumping
such leakage from the fiuid connection to the
said reservoir, and a supplementary valve au-
tomatically acting to supply from said reser-
voir any deficit of fluid to the fluid cennec-
tion, substantially as described.

50. The combination with a cylinder struc-
ture and a codperating crank-pin, of means
for adjusting said crank-pin while in motion

| to change its eccentricity, including an ele-

ment movable longitudinally with respect to
said erank-pin and having pin-and-slot con-
nections therewith coacting to adjust said pin,
substantially as deseribed.

ders, and codperating pistons therein, and a
rotating crank-pin to which the pistons are
connected, of means comprising a pin-and-
slot connection for adjusting the crank-pin to
vary the capacity of the cylinders while the
‘crank-pin is in motion, substantially as de-
scribed. |

52. Thecombination with cylinders,cooper-

pin to which the pistons are connected, of a
bush in which said crank-pin is eccentrically
mounted, and means comprising a pin-and-
slot connection for rotating said bush with
reference to said crank-pin while the crank-
pin is in motion to vary the eccentricity ot
the crank-pin, substantially as described.

53. The.combination with stationary cylin-
ders, codperating pistons therein, and a ro-
tating crank-pin, of a bush having an eccen-
gric bore, a shaft mounted in. said bore on
which the crank-pin is eccentrically disposed,
and means comprising a pin-and-slot connec-
tion for rotating the shaft while the crank-
pin is in motion to vary the eccentricity of
the crank-pin, substantially as described.

54. The combination with cylinders, co6p-

“erating pistons therein, and a rotating crank-
pin, of a bush having an eccentric bore, a
shaft on which the crank-pin is eccentrically
disposed mounted in said bore, and means
comprising a pin-and-slot connection for ro-
tating the bush and shaft in opposite direc-

| tions while the crank-pin is'in motion to vary

51. The combination with statioua,ry cylin-

ating. pistons therein, and a rotating crank-
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the eccontricity of the crank
tially ne deseribod, |

55, The combination with cylinders, cotp-
erating pistons therein, and a rotating crank-
pin carried by a shaft and to which said PIS-
tons are connected, of a bush having an eccen-
tric bore in which the crank - pin shaft s
mounted, a bearing for the bush concentric
with the axis of rotation of the crank-pin, a
member shidable with reference to the bush,
and a pin-and-slot connection. between the
bush and crank-shaft and slidable member

adapted to rotate the bush as said member is:

moved, substantially as described.

56. The combination with cylinders, coop-
erating pistons therein, and a rotating crank-
pin carried by a shaft and to which said pis-
tons are connected, of a bush having an eccen-
tric bore in which the erank - pin shaft is
mounted, a bearing for the bush concentric
with the axis of rotation of the crank-pin, a
member slidable with reference to the shaft,
and & pin-and-slot connection between the
crank-pin shaft and slidable member adapted
to rotate the shaft as said member is moved,
substantially as described.

57. The combination with cylinders, coop-

erating pistons therein, and a rotating crank-

pin to which said pistons are connected car-

20

35

40

ried by a shaft, of a bush having an eccentric
bore in which the crank-pin shaft is mounted,

a bearing for the bush concentric with the axis
of rotation of the crank-pin, a member slid-
able with reference to the bush, having a pin-
and-slot connection with the bush and crank-
pin adapted to cause the bush and crank-pin
to be adjusted in opposite directions as said
member is moved, substantially as described.

58. The combination with cylinders, coop-

erating pistons therein, and a rotating crank-

pin to which said pistons are connected car-

45
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ried by a shaft, of a bush having an eccentric
bore in which the crank-pin shaft is mounted,
a bearing for the bush concentric with the
ax1s of rotation of the cran k-pin, a sleeve hav-
Ing a spiral slot therein slidably mounted with
reference to the bush, a pin on the bush en-
gaging said spiral slot and a pin-and-siot con-
nection between the crank-pin shaft and the
sald sleeve, substantially as described.

59. The combination with cylinders, coop-
erating pistons therein, and a rotating crank-
pin to which said pistons are connected car-
ried by a shaft, of a bush having an eccentric
bore in which the crank-pin shaft is mounted,
a bearing for the bush concentric with the axis
of rotation of the crank-pin, a sleeve having
two spiral slots therein slidably mounted with
reference to said bush, a pin on the crank-pin
shaft and on the bush respectively engaging
sald slots, substantially as described.

60. The combination with cylinders, coop-
erating pistons therein, and a rotating crank-
pin to which said pistons are connected car-
ried by a shaft, of a bush having an eccentric

1ng said slots, a grooved

GOL,007

-pIn, substan- | bore in whish the crank-pin shaft iy mounted,

& bearing for the bush concentrie with the axis
of rotation of the cran k-pin, a sleeve sliddably
mounted with reference to said busls having
right and 1eft hand spiral slots ¢ ICIeIn, A pin
on the crank-pin shaft and on the bush each
engaging one of said slots, substantially ag

deseribed.

61. The combination with cylinders, codp-
erating pistons therein, and g rotating cerank-
pin to which said pistons are connected car-
ried by a shaft, of a busl having an eccentric
bore in which the crank-pin shaft is mounted,
a bearing for the bush concentric with the
axis of rotation of the erank-pin, a sleeve hav-
Ing right and left hand spiral slots therein
slidably mounted with reference to said hush,
one longitudinally in advance of the other,
each extending one hundred and eighty de-
grees around the bush, a pin on the erank-
pin shaft and on the bush each of which pins
engages one of the slots, su bstantially as de-
scribed. .

62. The combination with cylinders, codp-
erating pistons therein, and a rotating crank-
pin to which said pistons are connected car-
ried by a shaft, of a bush having an eccentric
bore in which the crank-pin shaft is mounted,
a bearing for the bush concentric with the
axis of rotation of the crank-pin, a slecve hay-
Ing two spiral slots therein slidably mounted
with reference to said bush, a pinon the crank-
pin shaft and on the bush respectively engag-
ring on said sleeve,
and a lever having a pin engaging said groove,
substantially as described.

75
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63. The combination with cylinders, COOP-

erating pistons therein, and a rotating cranl-
pin to which said pistons are connected car-
ried by a shaft, of a bush having an eccentric
bore in which the crank-pin shaft is mon nted,
a bearing for the bush concentric with the
ax1s of rotation of the crank-pin, a sleeve hav-
Ing two spiral slots therein slidably mounted
with reference to said bush, a pin on the erank-
pin shatt and on the bush respectively engag-
1ing said slots, a grooved ring on said sleeve
having a spiral groove in its inner surface
where it crosses either slot, substantially as
described.

64. The combination with cylinders, coop-
erating pistons therein, and a rotating cranlk-
shaft having an eccentrically-disposed erank-
pin thereon, of a bush in which said shaft 1S
eccentrically mounted, the outer surface of
the bush being concentric with the axis around
which 1t is adapted to revolve and the eccen-
tricity of the crank-shaft with respect to the
bush being equal to the eccentricity of the
crank-pin with reference to the crank-shaft,
and means comprising a pin-and-slot connec-
tion for adjusting the bush and shaft in oppo-
site directions, su bstantially as described.

65. The combination with cylinders. codp-

| erating pistons therein, and a crank-shaft hav-
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ing an eccentrically-disposed crank-pin there-
on, of a bush in which said shaft is eccentric-
al]V mounted, the outer surface of the bush
being concentric with the axis around which

5 it is adapted to revolve and the eccentricity

of the crank-shaft with respect to the bush
being equal to the eccentricity of the crank-
pin with reference to the crank-shaft, and a
sleeve slidably mounted with reference to the

1o- bush _having a pin-and-slot connection with

the shaft and bush adapted to. adjusting the
two said parts in opposite directions as the

- sleeve is moved, substantially as described.

66. The combination with cylinders, codp-

15 erating pistons therein, and a crank-shaft hav-

ing an eccentr wallv dlspoqed crank-pin there-

__on, of a bush in which said shaft is eccentric-

ally mounted, the outer surface of ‘the bush
being concentric with the axis around which

20 1t is adapted to revolve and. the eccentricity

of the crank-shaft with respect to the bush
being equal to the eccentricity of the crank-

pin with reference to the crank-shaft, and a:

sleeve slidably mounted with reference to the

25 bush and having right and left hand spiral

slots therein, pins on the bush and crank-shaft
respectively engaging said slots, and means
for moving the sleeve, whereby the bush and
shaft are adjusted in opposite directions, sub-

30 stantially as described.

33

67. The combination with cylmders, coOp--|

erating pistons therein, and a rotating crank-
pin, of a bush mounted 1n a bea,ri-n,q; concen-
tric with the axis of rotation of the crank-pin

and having an eccentric bore, a crank-shaft on

which the crank-pin 1s eccentrically disposed
mounted in said bore, a sleeve slidable longi-
tudinally with respect to the bush and having
opposite spiral slots therein, a pin on the shaft

40 having a roller slidably and rotatably mount-

45

ed thereon and engaging one of the spiral
slots, a pin on the bush engaging the other
Splral slot, and means for moving the sleeve,
substantlallv as described.

68. The combination with a cylinder struc-
ture, codperating pistons therein and a crank-
pin to which the pistons are connected, of
means for changing the eccentricity of the
crank-pin while in motion including a con-

so trolling element longitudinally movable with

respect to the crank-pin, and pin-and-slot con-
nections between said element and the crank-
pin, adapted to vary the eccentricity of the
crank-pin as sald element is moved substan-

55 tially as deseribed.

69. The combination with a eylinder struc-
ture, codperating pistons therein, and a rotat-
ing crank-pin to which the pistons are con-
nected, of a bush having an eccentric bore and

6o rotatably mounted in a bearing concentric

65 slot connection for rotating the bush with ref- |

/“ilth the axis of rotation of the crank-pin, a

waft by which the erank-pin is carried rota-
" tably mounted in the said eccentric bore of
the bush, and means comprising a pin-and-

substantially as described.

70. The combination with a cylinder strue-

ture having cotperating pistons therein, of
valves contr olling the passage of fiuid to and

| from the cylinders, a rotating crank-pin to

which the pistons are connected means inter-
posed between said crank-pin and valves for

‘causing the movements of the lntter, means

for adjusting the crank-pin to vary its eccen-
tricity, comprising elements having pin-and-

slot connections therewith, said ad;ustmg

means and valve-actuating means comprising
provision adapted to preserve the angular re-

| lation between the valves and the crank-pin

as the latter is adjusted, substantially as de-
scribed. -

7t The combination with a stationary cvl
inder structure having codperating pistons
therein, of a rotating crank-pin to which the
pistons are connected valves confrolling the
passage of fluid to and from the cylmders,
connections between the crank-pin and the
valves for operatuw the latter, means com-
prlemu' a pin-and-slot connection for adjust-
ing the crank-pin to vary its eccentricity, said

adjusting means and valve-operating means -

comprising provision adapted to preserve the

angular relation between the valves and the
95

crank-pin as the latter 1% adjusted, substan-
tially as described.

72. The combination with a stationary cyl-
inder structure having codperating pistons
therein, a rotating crank-pin to which the pis-
tons are connected, valves controlling the pas-
sage of fluid to and from the cylinders, con-
nections between the crank-pin and the valves
for operating the latter, means slidably con-

nected to the crank for adjusting the crank-

pin to vary its eccentricity between a maxi-
mum in one direction through zero and a
maximum in the reverse direction, said adjust-

1 - I

| erence to said shaft to adjust the crank-pin,
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ing means and valve-operating means com-

prising provision adapted to preserve the an-
gular relation between the valves and the
crank-pin as the latter is adjusted, substan-
tially as described.

73.. The combination with a stationary cyl-

inder structure having coéperating pistons

thereln, a rotating crank-pin to which the pis-
tons are connected, valves controlling the pas-
sage of fluid to and from the cylinders, con-

nections between the erank-pin and the valves
for operating the latter, and means slidably

connected to the crank for adjusting the crank-

pin to vary its eccentricity between u maxi-

mum 1n one direction and a maximum in the
reverse direction, said . adjusting means a,nd

valve-operating means comprising provision

adapted to preserve the angular relation be-
tween the valves and the crank-—pin as the lat-

ter is adjusted, and to change the lead of the.
valves as the crank-pin is adjusted through
zero, substantially as desceribed.

74. The combination with a cylinder struc-
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ture, codperating pistons therein, valves for
controlling the passage of fluid to and from
the cylinders, and a rotating crank-shaft
mounted in a bush having a bearing concen-
tric with the axis of the cylinder structure
and having a cerank-pin to which the pistons
are connected, of a disk having a bearing con-
centric with the axis of the eylinder structure,
an eccentrically -disposed pin thereon con-

nected to the valves, a groove extending dia-

metrically of said disk, a rod passing centrally
through the crank-pin having a squared end
engaging sald groove, and means for adjust-
ing the crank-pin to different eccentricities,
substantially as described.

~75. The combination with a eylinder struc-
ture, codperating pistons therein, valves for
controlling the passage of fluid to and from
the cylinders, of a hub on said cylinder struc-
ture concentric with the axial line thereof, a
main shaft, a sleeve slidably mounted with
reference to the hub and having a sliding con-
nection with the said shaft, a bush rotatably
mounted in the hub, a ecrank-shaft eccentric-
ally mounted in the bush and having an eccen-
trically-disposed crank-pin to which the pis-

tonsareconnected,a disk on themainshafthav-.

ing a groove therein, a disk rotatably mounted
in the cylinder structure having a pin eccen-
trically disposed thereon to which the valves
are connected and provided with-a groove
therein, a rod passing through the crank-pin
and engaging the said grooves at each end,
sald sleeve having a pin-and-slot connection
with the bush and the crank-shaft whereby as
the sleeve 18 moved longitudinally of the bush
the latter is rotated to vary the eccentricity
of the crank-pin, substantially as deseribed.
76. The combination with a cylinder struc-
ture, coéperating pistons therein, valves for
controlling the passage of fluid to and from
the cylinders, of a hub on said cylinder struc-
ture concentric with the axial Iine thereof, a
main shaft, a sleeve slidably mounted with
reference to the hub and having a sliding con-
nection with the said shaft, a bush rotatably
mounted in the hub, acrank-shafteccentrically
mounted in the bush and having an eccentric-
ally-disposed crank-pin to which the pistons
are connected, a disk on the main shaft having

a grocve therein, a disk rotatably mounted in
the cylinder structure having a pin eccentric-

ally disposed thereon to which the valves are
connected and provided with a groove there-

in, a rod passing through "the crank-pin and

~engaging thesaid groovesat ecach end, and con-

60
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nections between the sleeve, bush and crank-
pin whereby as the sleeve is moved the eccen-
tricity of the crank-pin is varied and the an-
gularrelation between thelatter and the valves
1s prescrved, substantially as described.

77. The combination with a cylinder struc-
ture, coéperating pistons therein, and valves
for controlling the passage of fluid to and from
the cylinders, of a hub on said eylinder struc-

erence to the hub and

801,097

ture concentric with the axial line thereof, a

main shaft, a sleeve slidably mounted with ref-
having a sliding con-
nection with the said shaft, a bush rotatably
mounted in the hub, a crank-shaft eccentric-
ally mounted in the bush and having an eccen-
trically-disposed erank-pin to which the pis-
tons are connected, a disk on the main shaft
having a diametrical groove therein, a disk
rotatably mounted in the cvlinder structure
having a pin eccentrically disposed thereon to
which the valves are connected and provided
with a diametrical groove therein. a rod pass-

ing through the crank-pin and having squared

endsengaging the said groovesateachend, and
connections between the sleeve, bush and
crank-pin whereby as the slecve is moved the
eccentricity of the crank-pin is,varied and the
angular relation between the latter and the
valves is preserved, substantially as described.

78. The combination with a cylinder struc-
ture, cotperating pistons therein, valves for
controlling the passage of fluid to and from

7C

75
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the cylinders, of a hub on said cylinder strue- -

ture concentric with the axial line thereof, a
main shaft, a sleeve slidably mounted with
reference to the hub and having a sliding con-
nection with the said shaft, a bush rotatably
mounted in the hub, a crank-shaft eccentric-
ally mounted in the bush and having an ec-

Qo

95

centrically-disposed crank- pin to which the

pistons are connected, a disk on the main
shaft having a groove therein, a disk rotata-
bly mounted in the cylinder structurce having
a.pin eccentrically disposed thercon to which
the valves are connected and provided witha
diametrical groove therein, a rod passing
through the crank-pin and engaging the said
grooves at each end, said sleeve having a pin-
and-slot connection with the bush and said
crank-shaft .whereby as the sleeve is moved
longitudinally of the bush the latter and said
shaft are rotated to vary the eccentricity of
the crank-pin, substantially as described. -
79. The combination with a eylinder strue-
ture, codperating pistons therein, and valves
for controlling the passage of fluid to and
from the cylinders, of a hub on said c¢ylinder
structure concentric with the axial line there-
of, and a main shaft, a sleeve slidably mount-
ed with reference to the hub and having a
shiding connection with the said shaft, a bush
rotatably mounted in the hub, a crank-shaft
cccentrically mounted in the bush and having
an eccentrically-disposed crank-pin to which
the pistons are connected, a disk rotatably
mounted in the cylinder structure having a

pin eccentrically disposed thereon to which

the valves are connected and provided with a
diametrical groove therein, a disk fixed to

the main shaft having a diametrical groove

therein, a rod passing through the crank-pin
and engaging the said grooves at each end,
said sleeve having spiral slots therein, pins

- on the crank-shaft and bush engaging said
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slots whereby as the sleeve is moved longi-

tudinally of the bush the eccentricity of the |

crank-pinis varied, substantially as described.

80. The combination with a cylinder struc-
ture, codperating pistons therein, valves for
controlling the passage of fluid to and from
the cylinders, of a hub on said eylinder struc-
ture concentric with the axial line thereof,
and a main shaft, a sleeve slidably mounted
with reference to the hub and having a slid-
ing connection with the said shaft, a bush ro-
tatably mounted in the hub, a erank-shaft ec-
centrically mounted in the bush and having
an eccentrically-disposed crank-pin to which
the pistons are connected, a disk on the main
shaft having a diametrical groove therein, a

disk Totatably mounted in the cylinder struc- |
ture having a pineccentrically disposed there- |

on to which the valves are connected and pro-
vided with a diametrical groove therein, a rod
passing through the crank-pin and having
squared ends engaging the said grooves at
each end, said sleeve having spiral slots there-
in, and pins on the bush and sleeve engaging
said slots, whereby as the sleeve is moved

longitudinally of the bush the eccentricity of .
‘the crank-pin is varied, substantially as de-

-

scribed.
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In testimony whereof I have signed my name

to this specification in the presence of two sub-
seribing witnesses. .

CHARLES M. MANLY.

Witnesses:
C. W. FOWLER,
R. T. FraziEr.
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