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15 Claims.

This invention relates to sectional drives of a
type employed to drive a group of related ma-
chines or the several sections of a single machine
which require to be driven at closely regulated

5 proportional speeds, and it is particularly ap-
plicable to machines which are employed to man-
ufacture or process materials in substantially
continuous webs or strips such as paper ma-
chines, rolling mills, printing presses, film proces-

10 sing machines and the like, i

The manufacture or Dbrocessing of such mate-
rials often requires that the speeds of the sev-
eral machines or machine sections be independ-
ently adjustable and that the overall speed of

15 the sectional machine or a group of related ma- ,

chines be variable through a wide range while

maintaining the speeds of the individual ma--

chines or machine sections proportional to each
other.

Certain materials which are manufactured or
brocessed in substantially continuous strips or
webs, such as paper and the like, require that the
web be kept under tension during its passage
through the machine and that the tension be
25 maintained within close limits. However the

action of certain machine units upon the web

causes the web fo vary in length during its pas-
sage through the unit so that it is necessary to

20

compensate for such variations in length by -

30 driving each of certain units at a speed slightly
different from the speed of the preceding unit to
provide a draw between adjacent -units and
thereby maintain the proper tension upon the
web.

In certain processes, the web may be varied
but little in length during its passage through
one machine unit so that, with the proper ten-
sion maintained thereon, its linear speed at one
unit may vary but slightly, for instance one-

40 tenth of one percen:, from its linear speed at
the adjacent unit. Consequently, provision
should be made for the close and accurate ad-
justment of the speed of the several units.

' The present invention has as an object to pro-

45 vide a sectional drive which will permit the speed
.0f the several machine units driven thereby to
be very accurately adjusted relative to each other
and the overall speed to be varied through a
wide range without altering the ratio between the

50 speeds of the individual units. '

Another object is to provide a secétional drive
of the above character which is positive and pre-
cise in operation. ’

Other objects and advantages will appear from

B5 the description hereinafter given of the sectional

35

(CL 74—389)

drives shown schematically in the accompanying
drawings in which the views are as follows:

Fig. 1 is an elevation of a drive for a paper
machine of which only the ends of certain rolls
have been shown. : ) - .

Fig. 2 is a view on a larger scale of a part of
the drive shown in Fig. 1. ]

Fig. 3 is a section on the line 3—3 of Fig. 2.

Fig. 4 is a section on the line &—4 of Fig. 2,

Fig. 5 is a view showing a control for one of 10
the variable speed transmissions shown in Fig. 1.

Fig. 6 is a view taken approximately on irregu-
lar line 6—6 of Fig. 5. .

Fig. 7 is a view similar to Fig. 1 but showing a
modified form of drive.

Fig. 8 is a plan view taken on the lihe 8—8 of
Fig. 7. )

‘The invention has been shown applied to a
baper machine but it is to be understood that it
is applicable to other uses.

Figs. 1 to 4

The drive is provided with a plurality of sec-
tions, five being shown and indicated by the ref-
erence letters A, B, C, D and E. Each drive sec- 25
tion is shown connected to a section of a paper
machine which, since it forms no part of the
present invention, has each section thereof repre-
sented solely by a pair of rolls, the rolls in the
section driven by drive section A being indicated
by the reference numerals | and 2 and the rolls.
in each of the sections B, C, D and E being indi-
cated by reference numerals 3 and 4.
~ Power is transmitted to the several drive sec-
tions from a variable speed power source 5
through a line shaft 6 journaled in a plurality
of stationary bearings T one of which is are
ranged at each of drive sections A, B, C, D and
E. Power source 5 may be of any suitable type,
such as a steam engine, a variable speed electric
motor, or a constani speed prime mover cons
nected to shaft 6 through a variable speed trans-
mission such as a hydraulic transmission con-
sisting primarily of a pump and a motor.

In order te provide the draw between the sev- 45
-eral sections of a paper machine, it is necessary .
to have all but one of the drive sections:adjust-
able to vary the speed”of the machine sections
connected thereto relative to- the spéed of line -
shaft 6. To this end, section A has been shown 50
‘as being non-adjustable and sections B, C. D and
E have been shown as being adjustable and iden-
tical to each other.

Section A is provided with a drive shaft 10
(Fig. 3) which is journgled in the upper end of 58
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2 stationary double bearing {i and connected by
a coupling 12 to the axle or shaft of roll f.
Shaft i0 has a gear 13 fixed thereon and in mesh
with a pinion {4 which is fixed upon one end of
a shaft 15 journaled in pearing il and in a sta-
tionary bearing 16. The other end of shaft 113
has a worm wheel 17 fixed thereon and in mesh
with a worm (8 which is fixed upon line shaft €.
The arrangement is such that roll § is caused to
be driven froms line shaft 6 at a speed exactly pro-
portional to the speed of prime mover 5.

Each of drive sections B, C, D and E is pro-
vided with a three legged differential 2t which
has one leg connected to a sectign of the ma-
chine to drive the same, a second leg driven from
line shaft 6 and a third leg driven by the output
shaft of a separate variable speed transmission
22 the input shaft of which is driven in synchro-
nism with line shaft € by being either driven di~
rectly therefrom or from a separate power source
synchronized therewith.

Differential 2f is so constructed and propor-
tioned that a very large portion of the power re-
quired to drive the machine section is trans -
mitted thereto through the second leg of the
differential and only a small portion thereof is
transmitted thereto through the third leg so that
a relatively small {ransmission may be employed
and  the speed. of the machine section varied
micrometrically.

The use of such 2 small transmission limits the

range through which the speed of the machine
section may be varied by adjusting the transmis-
sion. For example, if 90% of the power is trans-
mitted through the second leg -of the differential
and only 10% is transmitted through the third
leg of the differential, a speed range of only 10%
may be obtained by adjustment of transmission.
Therefore, in order to provide 2 wider speed range
and to avoid using the entire range of the trans-
mission, each adjustable section is also provided
with change speed gears as will hereinafter ap-
pear. :
Since drive sections B, C, D and E are identical,
only one will be described and the corresponding
parts of the other sections will be indicated by
corresponding reference numerals.

As best shown in Fig. 4, differential 2{ is pro-
vided with an internal gear 22 which is fixed
upon the axle of roll 3 and meshes with a planet
pinion 24 journaled upon a stub shaft 25 fixed in
a gear.26 intermediate the axis and periphery
thereof. Only one planet pinion has heen shown
but additional ones may
to gear 26 according to the usual practice.

- Gear 26 is provided with an elongated hollow
hub 271 which is journaleé in suitable bearings
arranged in the upper end of a bearing bracket
28. A shaft 28 extends through and is journaled
in hub 27 and has a sun pinion 36 fixed upon its
rear end and in mesh with planet pinion 26.

Shaft 29 has a worm wheel 3{ fixed upon its
front end and in mesh with a worm 32 fixed upon
2 shaft 33 (Fig. 2) which is connected by a suit-
able coupling to the output shaft 34 of transmis-
sion 22. Worm wheel 3! and worm 32 are ar-
ranged inside a gear case 35 in which the ends of
shaft 33 are journaled and wiich is supported
from bracket 28 as by means of an arm 38.

Gear 26 (Fig. 4) meshes with a gear 38 which
is fixed upon one end of a shaft 3% journaled in
pracket 28. Shaft 3% has a gear &0 arranged
upon the other end’ thereof and in mesh with a
gear 41 which is arranged upon a shaft 42 jour-
naled in bracket 28 andin a bearing bracket 43.

be similarly connected -

2,163,872

Shaft 42 has a gear 88 arranged thereon and
in mesh with a gear 48 arranged upon one end of
a shaft 46 which is journaled in bracket 43 and

_has a spiral gear 47 fixed upon its outer end and

in mesh with a spiral gear 48 fixed upon line
shaft 6 so that gear 26 may pe driven from line
shaft 6 through shafts 39, 82 and 46 and the gears
carried thereby. .

Gears %0, 41, 48 and 45 sre removably fixed
upon their respective shafts, as by being keyed
thereto and restrained from axial movement by
suitable set screws, so that they may be removed
and replaced by gears of a different ratio to
thereby vary the speed of gear 26 relative to the
speed of line shaft 6. To this end, that part of
shaft 42 which is journaled in bracket 28 is en-
larged so that its bearing in bracket 28 is large
enough to -permit the keys in shaft 42 to pass
therethrough.

In order that transmission 22 may be so small
that it is capable of transmitting only a small
fraction of the power required to drive a section
of the machine, and in order that it may be ad-
justed to vary the speed of the section micro-
metrically, it should be of a type capable of hav-
ing its output speed varied steplessly from ap-
proximately : zero to maximum, such as a hy-
draulic transmission consisting of a variable dis-
placement pump and 2 constant displacement
motor arranged in a single casing. Since such
transmissions are well known and in extensive
commercial use, a detailed description thereof
will not be given, it being deemed sufficient to
state that transmission 22 is: supported upon a
pedestal 86 and has its inpub shaft 60 dr.ven from
line shaft 6 through a chain and sprocket drive
5i and that the ratio between the speed of - its
output shaft 34 and its input shaft 58 may be
varied by varying pump displacement.

As shown, transmission 22 has the stroke
changing mechanism of its pump provided with
a worm wheel 52 rotation of which in one direc-
tion or the other will increase or decrease pump
displacement. Worm wheel 52 meshes with a
worm 53 connected to and driven by a reversible
electric motor 54 operation of which is con-
trolled by two normally open push button switches
55 and 56. Closing one or the other of switches
55 gnd 56 will cause motor.54 to rotate worm
wheel 52 through worn §3 te vary pump displace-

ment and thereby vary the ratio between the in-

put and ocutput speeds of tfansmission 22.

The arrangement is such that the speed of roll
2 relative to the speed of line shaft & may be
varied in steps through a relatively wide range by
changing the ratioc of change speed gearing
40—6i—Aa4—45, and it may be varied gradually
and uniformly through a limited range by clos-
ing switch 58 or 8E to thereby vary the ratio be-
tween the output and inpuf speeds of transmis-
sion 22. . : .

As previously explained, differential 21 is so
proportioned that the greater part of the power
required to drive roll 3 is transmitted thereto
through the second leg of the differential and
only 2 very small part of the power is transmit-
ted thereto through the third ieg of the differen-
tial.  To this end, the gear ratios are such that
gear 26 is rotated at a relatively high speed and
sun pinion 36 at a very slow speed.

If transmission 22 should be so adjusted that
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the speed of its output shaft 34 would be reduced

to zero, roll 3 would be driven at. a given speed
which would be proportional to the speed of gear
26. - Then, if transmission 22 should be adjusted
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to cause sun pinion 30 to rotate in a positive di-

- Tection, roll 3 would be rotated at a speed equal to

the given speed plus the speed imparted thereto

‘by rotation of sun pinion 30. Aiso if a reversible

transmission should be employed and it should
be adjusted to rotate sun pinion 30 in a negative
direction, roll 3 would be rotated at a speed equal
to the given speed minus the negative speed im=~

. parted thereto by rotation of sun pinion 30.
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" From the foregoing it is obvious that, when
line shaft 6 is rotated, roll | will be driven by
section A and rolls. 3 by sections B,C,Dand E
at speeds proportional to the speed of shaft 6
so that all of the machine sections will be driven
at speeds proportional to each other, that the
speed of any.or all of sections B, C, D and E may

- be varied relative to the speed of any other sec-

tion, and that by varying the speed of shaft 6 the
overall speed of the entire machine may be varied
without varying the relative speed of the several
machine sections. i

Figs. 5 and 6

In case the drive is provided with g hydraulic
transmission for driving the third leg of a differ-
ential 21 and if the load on that transmission is
variable and great enough-at times to cause an

.appreciable amount of internal leakage or slip in

the transmission so that there would be a vari-
ation in the ratio between the speeds of the input
and output shafts of the transmission, a control
may be provided for maintaining the speed of
the output shaft exactly proportional to the speed
of the input shaft under all operating conditions.
A control which may be employed for this pur-
pose is fully illustrated and described in my co-
pending application Serial No. 47,008 filed Oc-
tober 28, 1935, ’

When such a control is employed, transmission
22 is provided with a hydraulically operated
stroke changing mechanism instead of the elec-
trically operated stroke changing mechanism pre-
viously described. As shown, the pump of trans-
mission 22 is adapted to have its stroke changing
member or slide block 61 shifted in one direction
or the other by operation of a hydraulic servo-
motor the piston 62 of which is connected to slide
block-61 and fitted in a cylinder 63 carried by the
transmission casing. Slide block 61 is continu-
ously urged in one direction by springs 64 and is
adapted to be moved in the opposite direction by
motive liquid-supplied to cylinder 63. -

Liquid for operating servo-motor 62—63 is or-
dinarily supplied thereto from a gear pump ar-
ranged in a transmission casing and driven in

.unison with the pump. For the purpose of illus-

tration however, the control is shown provided
with an external gear pump 65 which is driven
continuously by an electric motor 66. Gear pump
65 draws liquid from s reservoir 67 and discharges
it into-a supply channel 68. A1l liquid discharged
by gear pump 65 in excess of control requirements
is exhausted into reservoir 67 through a low pres-
sure relief valve 69 which is connected to chan-
nel 68 intermediate the ends thereof and enables
pump 65 to maintain a low pressure therein.
The delivery of liquid from gear pump 65 to
cylinder 63 is controlled by a valve 10 which is

-closely fitted in a valve casing 71 and shown as

extending through the front end thereof, Valve

casing 71 is provided with a port 72 which is con- -

nected by channel 13 to cylinder 63, a port T4
which is arranged at one side of port 12 and has
channel 68 connected thereto, and a port 15
which is arranged at the other side of port 12 and

' lon being rotatable on the shaft.

3
has connected thereto a drain channel 16 which

discharges into reservoir 67 and is alco connected

to the rear end of valve casing T1.

When valve 10 is shifted toward the left from
a central or neutral position, liquid from pump
65 may flow through channel 68, valve casing Tt
by way of ports 14 and 12 and then through chan-
nel 13 to cylinder 63 and move piston 62 and

[543

slide block 61 toward the left to increase pump -

- displacement and, when valve 0 is shifted to-

ward the right from its central o. n.atral posi-
tion, springs 64 may move slide block 61 toward
the right and cause piston 62 to expel liquid
from cylinder 63 through channel 13, valve cas-
ing 71 by way of ports 72 and 15 and through
channel 76 into reservoir 67.

Valve 10 is shifted in one direction or the other
in response to any variation in the speed of the

output shaft 34 of transmission 22 relative.to the
speed of the input shaft 50 thereof as reflected o

by any movement of the output leg of a three

legged differential 80 which has one of its input

legs driven at a speed. proportional to the speed
of shaft 34 and its other input leg driven at a
speed proportional to the speed of shaft 50.

As shown, differential 80 is provided with an
external-internal gear 81 having a hollow hub
82 which is journaled in a bearing 83. The ex-
ternal teeth on gear 8! mesh with pinicn 84
fixed upon one end of a shaft 85 which is jour-
naled in stationary bearing brackets 86 and 81
and has a disk 88 fixed upon its other end. Rota-
tion is imparted to disk 88 through an idler disk
89 from a disk 90 which is fixed upon a shaft 81
journaled in a bearing 92. Disk 90 is rotated by
means of a chain and sprocket drive 93 which
connects shaft 81 to the input shaft 50 of trans-
mission 22, o

Disks 88, 89 and 90 and the shafts thereof con-
stitute a variable speed transmission for trans-

" mitting motion from shaft 50 to one input leg of

differential 80. The speed of shaft 85 relative to
the speed of shaft 9¢ may be varied by moving
disk 89 toward and from the axes of disks 88 and
90. This may be accomplished in any suitable
manner but, solely for the purpose of illustration,
disk 89 is shown journaled upon a stem 94 which
has a rack 95 fastened thereto. Rack 95 meshes
with a pinion 96 which is adapted to be rotated
at a slow speed in one direction or the other by a
reversible electric motor ¥7 through a reduction
gear 98. Electric motor 97 may be controlled in
the same manner that motor 54 is controlled as

.shown in Fig, 2,

-The internal teeth on gear 8! mesh with a
planet pinion 101 which also meshes with a sun
pinion 102 fixed on one end of a shaft 103 which
extends through hub 82 and is driven through a
chain and sprocket drive 104 from the output
shaft 34 of transmission 22, )

Planet pinion 101 is arranged upon one end of
a shaft 105 which is carried by an arm 106, either
the shaft being rotatable in the arm or the pin-
Arm 106 is
fixed upon one end of a shaft 107 which is jour-
naled in bracket 86 and has an operating arm
108 arranged thereon and yieldingly held against
rotation relative thereto.

Arm 108 is pivoted at its lower end to the up-
ber end of a lever 109 which is connected at its
lower end to valve 10 and pivoted intermediate
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its ends by a link 110 to a lever (11 intermediate

the ends thereof. Lever 11 is pivoted intermedi-

ate its ends upon a stationary pin 112 and its.

lower end engages a follow up rod 113 fastened
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to slide block 8f. The lower end of lever {ii is
held in contact with rod 113 by a spring 118
which has one end thereof connected to the up-
per end of lever 111 and its other end connected
to a pin 113 carried by bracket 86.

The arrangement is such that, when transmis-
sion 22 is so adjusted that its output shaft 34 is
rotated at the desired speed relative to the speed
of input shaft 59, gear 81 and sun pinion 102 will
be rotated at such speeds that planet pinion 104
will rotate upon a stationary axis. Consequently,
no motion will be imparted to arm 106 and valve
18 will remain in its central or neutral position
and thereby retain slide bleck §{ in its adjusted
position.

However, if the load on transmission 22 should
vary enough to cause a variation in the speed of
shaft 34, sun pinion 102 would be rotated at a
faster or slower rate and thereby cause planet
pinion 102 to move a short distance in one direc-
tion or the other around gear 81. Pinion {01 in
moving around gear 8! would swing arm 1986, and
consequently arm 103, through 2 small arc. Arm
198 would swing the upper end of lever 108 in one
direction or the cther, and lever 1038 would pivot
upon the pin in the end of link 119 and shift
valve 18 in one direction or the other.

If the speed of shaft 34 should decrease due to
an increase in the load on transmission 22, valve
70 would be shifted toward the leit to permit
liquid to flow to cylinder §3 and move slide block
61 toward the left to increase pump displacement
and thereby increase the speed of shaft 34. As
slide block 81 moved toward the left, it would move
rod 113 with it and permit spring {14 to swing
lever §11 upon pin 112 and thereby tend to move
valve 10 toward the right to its neutral position
as fast as lever 139 moved it toward the left
so that, as soon as shaft 34 had been accelerated
to its initial speed, valve 10 would be closed and
further adjustment of pump displacement would
cease.

1f the speed of shaft 34 should increase due to
a decrease in the load on transmission 22, valve
10. would ke shifted toward the right to permit
liquid to escape from cylinder 63 and springs 64
would move slide block §! toward the right to de-
crease pump displacement and thereby decrease
the speed of shaft 38. As slide block 81 moved
toward the right, it would move rod 113 with it.
Rod {13 would swing lever i1t upon pin 112 and
thereby tend to move valve 10 toward the left to
sts neutral position as fast as lever 939 moved it
toward the right so that, as soon as shaft 34
has been decelerated to its initial speed, valve 10

would be closed and further adjustment of pump

displacement would cease.

The speed of shaft 34 is thus maintained exactly
proportional to the speed of shaft 50 regardless
of the variation in load upen transmission 22.
If it is desired to vary ihe speed of shaft 34 rela-
tive to the speed of shaft 50 to thereby provide
draw or to change the draw between two sections
of the paper machine, disk 89 may
vary the ratie between shafts 85 and 9i.

“Figs. 7 and 8

The drive shown in these figures differs from
the drive shown in Figs. 1 to 4 only in that each
section is driven by 2 separate variable speed
prime mover and the speeds of the prime movers
are synchronized by an equalizing shaft. Conse-
quently, corresponding parts of the two drives

have been indicated by corresponding reference

 shaft 123 of motor 121

-set screw. Then, if it

be shifted to.
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numerals and further detailed description there-
of will not be given.
For the purpose of illustration, the drive is

_shown provided with variable speed electric mo-

tors which are controlled from a single station by
means of push button switches arranged upon a
panel 126 but it is to be understood that other
types of prime movers, such as steam engines, may
be employed and that the prime movers may also
be controlled from individual stations.

Fig. 7 shows four drive sections Al, BY, Ct and
D! which are the same, respectively, as the pre-
viously described sections A, B, Cand D except
that section A! is driven by a variable speed elec~
tric motor 21 and each of sections B!, C! and D!
is driven by a variable speed electric motor 122
instead of all of the sections being driven from
line shaft §. In section A! the worm 18 which
meshes with worm wheel 11 is fixed upon the
and, in each of sections
B!, C! and D!, the spiral gear 48 which meshes
with spiral gear 47 is fixed upon the shaft 124 of
a motor 122, the motor shafts 123 and 124 being
journaled in bearings 1 which are substantially
the same as the bearings T shown in Figs. 1
to 4.

Motors 121 and {22 are adapted to operate at
proportional speeds ‘when each is carrying its
normal load: In order to keep the speed of all of
the motors absolutely synchronized, the drive is
provided with an equalizing shaft 25 which is
journaled in bearings 126 and to which all of the
motors are mechanically connected as by means of
a chain and sprocket drive.

As shown, each of motor shafts 123 and (24
has a sprocket {21 fixed thereon and connected
by a chain {28 to a sprocket 429 which is ar-
ranged upon shaft 125 and ordinarily fixed for
rotation therewith. In order that one or more
of the drive sections may rémain idle when the
other sections are operating, each sprocket 129
may be journaled upon shaft 125 and connected
thereto by a clutch 130 which is keyed thereon
and restrained from axial movement by a suitable
is desired that any section
shall remain idle during operation of any other
sections, it is simply necessary to cut the motor
connected to that section out of the circuit by
means of a switch on panel 120 and to disengage
the clutch 130 which connects that motor to shaft
125.

The speeds of the active motors will be posi-
tively synchrenized by equalizing shaft 125 so
that the drive will function in exactly the same
manner as the drive shown in Figs. 1 to 4 and
previculy described. Also, if desired, the control
mechanism disclosed in Figs. 5 and 6 may be ap-
plied to each or any of the transmissions 22 in
the manner previously explained. :

. The invention herein set forth in susceptible
of various modifications and adaptations with-
out departing from the scope thereof as hereafter
claimed. B .

" The invention is hereby claimed as follows:

1. The combination, with two machine units
which require to be driven at proportional speeds,
of a drive, means for:-driving the first of said
units from said drive at a speed- proportional to
the speed thereof, a three legged differential hav-
ing a first or output leg connected to the second
of said units to drive the same and a second or
input leg driven from said drive, a variable speed
transmission having an input shaft driven from
said drive at a speed proportional to the speed
thereof and an output shaft cqnnected to the
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“of a drive, means for driving the first of said .
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third or other input leg of said differential to
drive the same and thereby enable said first leg
to drive said second unit, means for initially ad-
Justing said transmission to vary the speed of its
output shaft relative to the speed of its input

shaft and thereby vary the speed of said second

unit relative to the speed of said first unit, and
Imeans responsive to a variation in the ratio be-
tween the input and output speeds of said trans-
mission for automatically adjusting "said trans-
mission to correct said variation. -

2. The combination, with two machine units

which require to be driven at proportional speeds,

units from said drive at a speed proportional to
the speed thereof, a three legged differential hav-
ing a first or output leg connected to the second

of said units to drive the same and a second or »

input leg driven from said drive, a hydraulic
transmission including a pump driven from said

drive at a speed proportional to the speed thereof -

and a hydraulic molor driven by liquid supplied
thereto by said pump and having an output shaft
connected to the third or other input leg of said
differentizl to drive the same and thereby enable
said first leg to drive said second unit, said dif-
ferential being so constructed and propertioned
that only a small fraction of the power required
to drive the unit connected thereto need be trans-
mitted through said third leg whereby a relatively
small transmission is enabled to drive said third
leg, and means for varying the displacement of
sald pump between zero and maximum to effect
a variation in the speed of said output shaft and
thereby vary the speed of said second unit rela-
tive to the speed of said first unit,

3. The combination; with two machine units
which require to be driven at Droportional speeds,
of a drive, means for driving the first of said units
from said drive at a speed proportional to the
speed thereof, a three legged differential having a
first or output leg connected to the second of said
units to drive the same and a second or input
leg driven from said drive, a hydraulic trans-
misgion including a pump driven from said drive

. at a speed proportional to the speed thereof and

50
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a hydraulic motor driven by lquid supplied
thereto by said pump and having an output shaft
connected to the third or other input leg of said
differential to drive the same and thereby enable
said first leg to drive said second unit, said dif-
ferential being so constructed and proportioned
that only a small fraction of the power required
to drive the unit connected thereto need be trans-
mitted through said third lég whereby a rela-
tively small transmission is enabled to.drive said
third leg, means for varying the displacement of
said pump between zero and maximum to effect
a variation in the speed of said output shaft and
thereby vary the speed of said second unit rela-
tive to the speed of said first unit, means respon-
sive to a variation in the ratio between the input
and output speeds of said transmission for auto-

- matically. operating said displacement varying

means to effect a Correction of said variation, and
means cooperating with the last named rreans for
effecting cperation of said displacoment varying
means to.cbtain an initial adjustment of pump
displacement. o

4. The combination, with two machine units
which require to be driven at proportional speeds,

. of a drive, means for driving the first of said

units from said drive at a speed proportional to

- the speed thereof, a three legged differential hav-

75

ing a first or output leg connected to the second
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of said units to drive the same and a second or
input leg driven from said drive, a hydraulic
transmission including a pump driven from said
drive at a speed proportional to the speed thereof
and a hydraulic motor driven by liquid supplied
thereto by said pump and having an output shaft
connected to the third or other input leg of said
differential to drive the same and thereby enable
said first leg to drive said second unit, said dif-
ferential being so constructed and proportioned
that only a small fraction of the power required
to drive the unit connected thereto need be trans-
mitted. through said third leg whereby a rela-
tively small transmission is enabled to drive said
third leg, change speed gears connected between
said drive and said second leg of said differential
for varying in definite steps the speed of said
second unit relative to the speed of said first unit,
and means for varying the displacement of said
pump between zero and maximum to effect a
variation in the speed of said output shaft and
thereby vary the speed of said second unit

through a limited stepless range relative to the

speed of said first unit. )

5. The combination, with. a plurality of ma-
chine units which require to be driven at propor-
tional speeds, of a three legged differential associ-
ated with each of, certain of said units and hav-

Ing the first leg thereof connected to that unit

to drive the same, means. for driving a second leg
of each differential at a speed proportional to the
speed at which the corresponding legs of the
other differentials are driven, a stepless variable
speed transmission associated with each differen-
tial and having an input shaft driven at a speed
proportional to the speed of said driving means
and an output shaft connected to the third leg of
that differential to drive the same and thereby
enable the first leg thereof to drive the unit con-
nected to that differential, means for initially ad-
Jjusting each transmission to vary the speed of its
output shaft relative to the speed of its input
shaft and thereby vary the speed of the unit as-
soclated with that transmission relative to the
speed of another unit, and means responsive to a

- variation in the ratio between the input and out-

put speeds of said transmission for automatically
adjusting said transmission to correct said varia-
tion. ’

6. The combination, with a plurality of ma-
chine units which require.to be driven at propor-

" tional speeds, of a ‘three legged differential as-

Sociated with each of certain of said units and
having the first leg thereof connected to that unit
to drive the same, means for driving a second
leg of each differential at a speed proportional
to the speed at which the corresponding legs of
the other differentials are driven, a stepless vari-
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able speed transmission associated with each dif- -

ferential and having an input shaft driven at a
speed proportional to the speed of said driving
means and an output shaft connected to the
third leg of that differential to drive the same
and thereby enable the first leg thereof to drive
the unit connected to that differential, said dif-

_ferential being so constructed and proportioned

that more than three-fourths of the power re-
quired to drive the unit connected thereto is
transmittéd through said second leg whereby a
relatively small transmission is enabled to drive
5aid third leg, means for initially adjusting each
transmission to vary the speed of its output shaft
relative to the speed of its input shaft and there-
by vary the speed of the unit associated with

o

that transmission relative to the speed of another 7g




&

unit, and means responsive to a variation in the
ratio between the input and output speeds of said
transmission for automatically adjusting said
transmission to correct said variation.

7. The combination, with a plurality of ma-
chine units which require to be driven at propor-
tional speeds, of a line shaft for driving all of
said units, a variable speed prime mover con-
nected to said shait to drive the same, a three
legged differential associated with each of cer-
tain of said units and having a first or output
leg connected to the unit - associated therewith
to drive the same and a second or input leg
driven from said line shaft, a variable speed trans-
mission associated with each differential and
having an input shaft driven from said line shaft
and an .output shaft connected to the third or
other input leg of that differential to drive the
same and thereby enable said first leg to drive
said unit, means for initially adjusting said trans-
mission to vary the speed of its output shaft rela-
tive to the speed of its input shaft and thereby
vary the speed of the third leg of said differential
whereby varying the speed of said prime mover
will vary the speed of all of said units and ad-
justing one transmission will vary the speed of
one unit relative to the speed of the other units,
and means responsive to a variation in the ratio
between the speeds of the input and output shafts
of at least one of said transmissions for auto-
matically correcting said variation.

8. The combination, with a plurality of ma-
chine units'which require to be driven at propor-
tional speeds, of a line shaft for driving all of
said units, a variable speed prime mover con-
nected to said shaft to drive the same, & three
legged differential associated with each of certain
of said units and having a first or output leg
connected to the
drive the same and a second or input leg driven
from said line shaft, a variable speed transmis-
sion associated with each differential and having
an input shaft driven from said line shaft and
an output shaft connected to the third or other
input leg of that differential to drive the same
and thereby enable said first leg to drive said
unit, said differential being so constructed and
proportioned that more than three-fourths of
the power required to drive the unit connected
thereto is transmitted through said second leg to
thereby enable a relatively small transmission to
drive said third leg, means for initially adjust-
ing said transmission to vary the speed of its oub-
put shaft relative to the speed of its input shaft
and thereby vary the speed of the third leg of
said differential whereby varying the speed of
said prime mover will vary the speed of all of said
units and adjusting one transmission will vary
the speed of one unit relative to the speed of the
other units, and means responsive to a variation
in the ratio between the speeds of the input and
output shafts of ab least one of said transrissions
for automatically correcting said variation.

9. The combination, with a plurality of ma-
“¢hine units which require to be driven at pro-
portional speeds, of a-variable speed prime mover
for driving each of said units, an equalizing shaft
connecting said prime movers together to syn-
chronize the speeds_thereof, means connecting
each unit to one of said prime mMovers, each of
certain of said means including a three legged

differential having ijts first or output leg con-
nected to the unit associated therewith to drive
the same and its second or input leg driven by
the prime mover associated with that unit, a

unit associated therewith to’

2,168,872

variable speed transmission having its input
shaft driven by said prime mover and its output
shaft connected to the third or other input leg of
said differential to drive the same and thereby
enable said first leg to drive said unit, and
means for adjusting said transmission to vary
the speed of its output shaft relative to the speed
of its input shaft whereby adjustment of one
transmission will vary the speed of one unit rela-
tive to the speeds of the other units.

10. The combination, with a plurality of ma-
chine units which require to be driven at pro-
portional speeds, of a variable speed prime mover
for driving each of said units, means for chang-
ing the speeds of said prime IMOVErs simulta-
neously, an equalizing shaft connecting said prime
movers together to synchronize the speeds there-
of, means connecting each unit to one of said
prime movers, each of certain of said means in-
cluding a three legged differential having its
first or output leg connected to the unit as-
sociated therewith to drive the same and its
second or input leg driven by the prime mover as-
sociated with that unit, a variable speed trans-
mission having its input shaft driven by said
prime mover and its output shaft connected to
the third or other input leg of said differential
to drive the same and thereby enable said first
leg to drive said unit, and means for adjusting
said transmission to vary the speed of its output
shaft relative to the speed of its input shaft
whereby adjustment of one transmission will vary

_the speed of one unit relative ‘to the speeds of

the other units and adjustment of said speed
changing means will vary the speeds of all of said
units. . .

11. The combination, with a plurality of ma-
chine units which require to be driven at pro-
portional speeds, of a variable speed prime mover
for driving each of said units, means for chang-
ing the speeds of said prime movers simulta-
neously, an equalizing shaft connecting said
prime movers together to synchronize the speeds
thereof, means connecting each unit to one of
said prime movers, each of certain of said means
jncluding a three legged differential having its
first or output leg connected to the unit asso-
ciated therewith to drive the same and its second
or input leg driven by the prime mover associated
with that unit, a variable speed transmission
having its input shaft driven by said prime mover
and is output shaft connected to the third or
other input leg of said differential to drive the
same and thereby enable said first leg to drive
said unit, means for initially adjusting said trans-
mission to vary the speed of its output shaft rela-
tive to the speed of its input shaft whereby ad-
justment of one transmission will vary the speed
of one unit relative to the speeds of the other
units and adjustment of gaid speed changing
means will vary the speeds of all of said units,
and means responsive to a variation in the ratio
between the speeds of the input and output shafts
of at least one of said transmissions for auto-
matically correcting said variation.

12. The combination, with a plurality of ma-
chine units which require to be driven at propor-
tional speeds, of a variable speed prime mover for
driving each of sald units, an equalizing shaft
connecting said prime movers together to syn-
chronize the speeds thereof, means connecting
each unit to one of said prime movers, each of
certain of said means including a three legged
differential having its first or output leg con-
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nected to the unit associated therewith to drive 75
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the same and its second or input leg driven by the
prime mover associated with that unit, a variable
Speed transmission having: its input shaft driven
by said prime mover and its output shaft con-
Dected to the third or other input leg of said dif-
ferential to drive the same and thereby enable
said first leg to drive said unit, said differential

being so constructed and proportioned that more

than three-fourths of the power required to drive
the unit connected thereto is transmitted through
said second leg to thereby enable a relatively small
transmission to drive said third leg, and means for
adjusting said transmission to vary the speed of
its output shaft relative to the speed of its input

shaft whereby adjustment of one transmission will’

vary the speed of one unit relative to the speeds of
the other units. .

13. The combination, with g plurality of ma-
chine units which require to be driven at propor-
tional speeds, of a variable speed prime mover for
driving each of said units, means for changing the
speeds of said prime movers simultaneously, an
equalizing shaft connecting said prime. movers
together to synchronize the speeds thereof, means
connecting each unit to one of said prime movers,
each of certain of said means including a three

" legged differential having its first or output leg
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40
- for adjusting

connected to the unit associated therewith to
drive the same and itg second or input leg driven
by the prime mover associated with that unit, a
variable speed transmission having its input shaft
driven by said prime mover and its output shaft
connected to the third or other input leg of said
differential to drive the same and thereby enable
said first leg to
being so constructed and proportioned that more

than three-fourths of the power required to drive -

the unit connected thereto is transmitted through
said second leg to thereby enable a relatively small
transmission to drive said third leg, and means
said transmission to vary the speed
of its oytput shaft relative to the speed of its input
shaft whereby adjustment of one transmission will
vary the speed of one unit relative to the speeds of
the other units ang adjustment of said speed
changing means will vary the speeds of all of said
units, .

14. The combination, with a plurality of ma-
chine units which require tg be driven at propor-
tional speeds, of a variable Speed prime mover for
driving each of said units, means for changing the
speeds of said prime movers simultaneously, an

equalizing shaft connecting said prime movers .

together to synchronize the speeds thereof, means

" Speeds of the other units

drive said unit, said differential

7

connecting each unit to one of said prime movers,
each of certain of said means including a three
legged differential having its first or output leg
connected to the unit associated therewith to
drive the same and its second or input leg driven
by the prime mover associated with that unit, a
variable speed transmission having its input shaft
driven by said prime mover and its output shaft
connected to the third or other input leg of said
differential to drive the same and thereby enable

said first leg to drive said unif, said differential

being so constructed and proportioned that more
than three-fourths of the bower required to drive

" the unit connected thereto is transmitted through

said second leg to thereby enable g relatively small

transmission to drive said third leg, means for
- initially adjusting said transmission to vary the‘
Speed of its output shaft relative to the speed of its

Input shaft whereby adjustment of one transmis-
sion will vary the speed of one unit relative to the
and adjustment of said
speed changing means will vary .the speeds of all
of said units, and means responsive to a variation
in the ratio between the speeds of the input and

- output shafts of at least one of said transmissions

for automatically correcting said variation.

15. The combination, with two machine units
which require to be driven at proportional speeds,
of a drive, means for driving the first of said units
from said drive at. s Speed proportional to the
speed thereof, g three-legged differential having
a first or output leg connected to the second of
sald machine units to drive the same and a second
or input leg driven from said drive, a variable dis-
placement pump driven from said drive at g speed
broportional to the speed thereof, a hydraulic
motor driven by liquid supplied thereto by said
pump and having an output shaft connected to
the third or other input leg of said differential to
drive the same and thereby enable said first leg to
drive said second unit, said differential being so
constructed and broportioned that only g small
fraction of the power Tequired to drive the unit
connected thereto need be transmitted through
said third leg whereby a relatively small hydraulic
motor is enabled to drive sald first leg, and an
auxiliary motor supplied with energy from a suit-
able source and operable from a remote point for
varying the displacement of said pump between
Zero and maximum to effect g variation in-the
Speed of said output shaft and thereby vary the
speed of said second unit relative to the speed of

said first unit.
WALTER PFERRIS.
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