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UNITED STATES PATENT OFFICE.

- FRANK E. HERDMAN, OF WINNETKA, ILLINOIS.

HYDRAULIC OR_L'IQUI'D.MOTOR OR PUMPING APPARATUS.

QI—’ECIFIGATION fermmg part of Letters Patent No. 711,682, dated Octeber 21 1902

Application ﬁled Aprll 14,1902, Serial No. 102, 708

(No model.)

To all whom it may concerm:
Be it known that I, FRANK E. HHERDMAN, a

citizen of the United Sbatee residing at Wm- |

netka, county of Cook, and State of Illinois,
have invented a new and useful Improve-
ment in Hydraulic or Liquid Motor or Pump-
ing Apparatus, of which the following is a
full clear, and exact description, reference
bemn‘ had to the accompanying drawings,
which form 2 part of this specification.

My invention relates to mechanical move-
ments, and has for its object to give change
of speed, change of direction, and rest to a
driven device from g eentmuously running
motor.

It also has for its object to give eha,nﬂ'e of
speed, change of direction, and rest 10 a
driven device without ehann‘mn‘ the speed or
direction of the motor. I atta.m thls broad ob-
ject by meansofa hydraulic pumping appara-
tus,which constitutes or controls the differen-
tial by means of which the power of the motor

istransmitted tothe devicetobedriveninsuch
manner as to regulate the stoppage, speed,

and direction thereof The h}rdraulie"ptl'mp-

~ing apparatus that I have devised is also
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-1me 6 6 of Fig. 1.

nevel separately considered, and is adapted
for use as a hydraulic motor, and is so con-
structed that it regulates the quantlty of lig-
uid consumed 1n the process of driving the

driven device proportionately to the work to

be performed without choking the pressure.

In the drawings, Figure 1 is a longitudinal
section. Fig. 21s a pl_an Fig. 8 is a trans-
verse seetien ontheline33of E‘ig. 1. Fig.4isa
transverse section on theline 44 of Fig. 1. Kig.
5 is a transverse section on the line 5 5 of
Fig. 1. Fig. 6 is a transverse section on the
Fig.7 is a view similar to
Fig. 1 of a modlﬁeatlen Fig. § is a view
similar to Fig. 1, showing my lmpreved hy-
draulic eppardtus admpted for use as a hy-
draulic motor.
Fig. 8.

D is a shaft secured to and driven by the
driving-shaft D' of a motor.

CC represent a double rotary pump. M
is a casing inclosing the same.

E G are gears meshmfr with each other and
constituting the revolvmﬂf elements of pump

C. (See Fig. 6.)

S

Fig. 9 is an end view of

| the teeth of gear G.

|

“the rotation of the tips of the teeth of gear K.

I

| mﬂ'-sheft

' H dre intermeshing gears eonetltutmw'

the revolving elements of pump C'.
The gears G and H are keyed to the driv-
The gear R is loose on the non-

55

rotating shaft K. The gear I isloose on the
non - 1013&,151110-' sleeve R, surleundmﬂ' the

shaft IK.
The shaft K and sleeve R are conneeted
respectively, with the levers I and J, which

60

may be operated directly, or, 1f deswed may

be connected with any sulteble eperatmﬂ"
mechanism whereby the shaft K and sleeve
R may be shifted longitudinally to cause the

teeth of gears B and G or F and H to mesh

wholly or partly, as may be desired, for the

purposes hereinafter described.

On one side of the gear K and fast to ehett
K is a disk L of the same diawmeter as the ex-
treme diameter of gear E and having a slid-
ing
gear B and fast to shaft K is the piston N,
alse of the same diameter as the extreme dl-
ameter of gear E, but cut out on its lower
side on a line coineident with the circumfer-

ence described by the rotation of the tips of
(See Fig. 5.) Thedisk
L and piston N are kept from bmdmn‘ on gear

E by means of the spacer O, ac-'a,msb rrhleh
they are drawn by a nut o.
On one side of gear G and loosely surround-

70

fit in the case M. On the other side of

75

30

ing shaft D, elreuler in form and of the same

diameter as the extreme diameter of gear (,
and fitting closely against the 31des of the

case M is the head P. (See Fig. 3.) The

| part Q also loosely surrounds shaft D and

extends bhetween gears G and H and fits

closely agameb the 81des of the case M. The.
part Q is of the same diameter as gear G, but

is cut out on the upper side on a hneeomm-
dent with the circumference described by

QO

(See Fig. 4.) It will be seen that the gear E
always revolves in a closed chamber, the only

open space being occupled by the teeth of
gear G. Slmlla,rly the gear G always re-

oF ‘

Velves in a closed chamber, the only open

space being occupied by the teeth of gear K.

In the opposite walls of the casing M and

midway between the axes of the two gears are
the delivery-port « and the suction-port «'.
As will be nnderstood by reference to Figs.:

ICQ
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4 and 5, that portion of the teeth of gears K
and G which are not in mesh exert no pump-
ing action on theliquid, which merely passes
around with the teeth. In other words, the
teeth not in mesh carry the liquid in both
directions through the pump. The active
and effective portion of the pump is that por-
tion of the teeth of gears E and (z that are
in mesh, this portion blocking the return of
the liquid carried around by the teeth, so
that, in eff _
the suction to the delivery side of the gear-
chamber as is carried around by the portion
of the gears that are in mesh. Hence as the
driving-shaft rotates at a constant speed the
amount of deliveryof pump Cisindirect ratio
to the width of the teeth in mesh. By slid-

ing shaft K endwise the width of teeth in |

mesh can be controlled, and consequently

the output of the pump can be varied from

nothing (when the teeth are wholly out of
mesh) to maximum, (when the gears are
brought directly opposite each other and the
full width of the teeth are in mesh.)

In the pump C' the various parts of pump

C are duplicated, gear F corresponding to
gear K, gear H to gear G, L' to L, N’ to N,
P' to P, delivery-port Yy to delivery-port &,
and suction-port ¥’ to suction-port . By
sliding the sleeve R endwise the output of
pump C' can be controlled in the same way
as the output of pump C.

A is a driven pump, which consists of the
casing S, shafts T and U, having their bear-
ings therein, and intermeshing gears V and
W on the shafts T and U, respectively.

z and 2’ are ports located in opposite sides
of casing S and opposite the point where the
vears YV and W intermesh. The shaft T ex-
tends beyond the casing and is connected with
the device to be ultimately driven. I have
shown secured to the shaftl'a drum B, adapt-
od to carry the lifting-cable of an elevator.

Dependentupon the amount of liquid that
is puinped through A and the direction in
which it is pumped will depend the direction
of travel and rate of speed of the shaftT and
drum 1BB. This is controlled by means of the
double rotary pump C C', hereinbefore fully
described, and the connections therefrom to
the pump A, which I shall now describe.

The port x is connected directly, through

pipe X, with port z. The port 2’ is connected
directly, through pipe X', with port 2". The
port 7/ is ceross-connected, by means of pipe

Y running over case M and pipe X', with

Go

port z'. The port y' 1s cross-connected, by

means of pipe Y’ 1uuning under case M and

pipe X, with port z

Tt will be understood that if cears K and G
are in mesh and F and H out of mesh the
courseof theliquid will befrom pmtaz through
pipe X, into port z and out of port 2’ thlouﬂ'h
pipe X’, to port a:’. If gears F and 'H are in
mesh and K and G out of mesh, the course of
the liquid will be from poxt 1/, through pipes

ect, as much ligquid is pumped from |

I to driving-shafts D D',

711,662

through pipes X and Y', to port 4'. It will
thus bo seen that pumps C and C’ tend to
drive A in opposite directions. Dependent,
therefore, upon which of the two pairs of
cears are in mesh A will be driven in one di-
rection or the other, and the speed with which
A is driven by either pair of gears will vary
with the extent to which the said gears are in
mesh. It is also obvious that if neither pair
of gearsare in mesh no cireulation of the lig-
uid can take place, and therefore no motion
is imparted to A. The apparatus therefore
enables the speed, divection of travel, start-
ing and stopping of the driven element Lo be
controlled to a nicety, while the driving-mo-
tor continuously runs at a c¢onstant direction
at the same speed.

In practice neither pair of gears will ever
be moved wholly out of mesh. “This is be-
cause if they were brought free of each other
it would be difficult to again mesh them.
This, however, does not occasion any loss of
power, nor does it make it impossible to en-
tirely shutoff the circulation ofliquid through
A. If we assume that gears Kand Gare fully
in mesh and gears F and H slightly in mesh,
a proportion of the amount of liguid dis-
charged from port & equal to the ratio of the
amount of mesh between gears If and H to
the amount of mesh between gears E and G
will pass from port «, through pipe Y', into
port ¥’ and help to revolve the driving-shaft
D. In other words, the liquid will take the
line of least resistance, and just the amount

of liquid discharged from port = will be de-

flected to port 7" as the gears F and H are
capable of pumping. The rest of the lig-
uld discharged from port x will pass through
pipe X and perform useful work in revolving
A. From this it will be seen that the power

applied to do useful work is proportional to

the difference in the smount of mesh between
gears Ii and G and gears I and H. Conse-
quently it is perfectly practicable to keep a
oreater or less portion of both pairs of gears
always in mesh and still be able to stop and
start A as well as vary its speed and direc-
tion of travel. Conditions may arise which
will make this desirable, as it permits of the
arrangement of gears I and If on the same
shaft and their operation in unison.

In Fig. 71 have shown such an arrange-
ment, in which pumps C?and C? corresponds
to pumps C and C’ of Fig. 1, gears E' and F’
to gears K and F, the casing M’ correspond-
ing to casing M, disks N® N3 to disks N N/,
gears (' ' to gears G H. heads P* I’° to heads
P P, part Q' to part Q, driving-shafts D2 D?
Hor the disks L and
L' and the portion between them I substitute
a singledisk L*. For the shaft K and sleeve
R, I substitute the shaft K’, and gears E' and
F"’ pistons N* and N and disks L? are all
pla,ced on the shaft and operated by means
of lever I The piping and driven element
are the same as in Fig. 1. Theshaft K’ is

Y and X/, into port z' and out of port z, | shown in its central posmon wheleln Zears
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E' and G and gears F' and H' are in mesh to |
precisely the same extent. I'rom the descrip-
tion of the device of Kig. 1 it will be under-
stood that under these conditions no usetul

work will be performed, all the liquid pass-

ing from pump C? to pump C3 back again to
pump C? and so on in an endless circuit,
there being theoretically no consumption of
power, and practically no consumption  of
power, except that required to maintain a

circulation of the liquid and the small loss

due to friction. If, however, the shaft K'is
moved in either direction from its central po-
sition, one pair of gears will mesh through-

out a greater length than the other pair and

an amount of liquid will be pumped to A pro-
portional to the difference in the amount of
mesh between the two pairs of gears.
direction of travel imparted to A will depend
upon the direction in which shaft K'is moved

from the center, and the speed imparted to

A will depend upon the extent to which shaft
K' is moved from the center.

The arrangement shown in Fig. 7 is more
compact and has fewer parts than the ar-
rangement shown in Fig. 1 and may be found
in many situations preferable

While I have referred to my improved hy-
draulie or liguid apparatus as a ‘‘pump,” it
is obvious that under some conditions, as in
elevator service, A would be a motor and C
a pump, while under other conditions C
wotlld bea motorand A apump. Indeed,my

improved hydraulic or liquid apparatus is

very serviceable as a hydraulic or liquid
motor, as in the construction shown in Figs.
In this construction, M? represents
the casing, E? G*the mtermeshmg ogears, the
gear E* being loose on shaft ¢® and the gear
G? being keyed to shaft g°. The parts L3, N,
Q? and P* correspond, respectively, to the
parts L N Q P of Fig. 1. «° is the supply-
port, and ¥° the discharge-port. Water un-
der pressure is supplied from a source of sup-
ply and the apparatus acts as-a motor, M°

representing a pulley on the shaft g°, from

which by helting power 1s transmitted to the
mechanism to be driven. The shaft ¢® may
be moved sidewise by hand in order to vary
the gear-surface in mesh, and thereby vary
the power consumed without choking the

pressure. If a constant speed is desned the
side motion of the gears may be controlled

- by a governor, thereby accurately propor-

55

60

tioning the consumption of power to the work
performed. I have shown in FKigs. 8 and 9
one such arrangement, in whleh 10 1epresents
& OVernor on the shaft g*, the governor be-
ing connected by means of a lever 11, pivoted
at 12 to the valve-rod 13, having the valves
14 aud 15. 16 is a valve-chamber in which
the valves slide, the opposite ends of the
valve-chamber being connected, by means of
passages 17 and 18, with a discharge-port 19,
while the middle of the valve-chamberis con-
nected by a passage 20 with a supply-port

The !

.l

‘valve-chamber to opposite ends of the cham-
ber 24, in which the parts E?, L?, and N4slide.
25 18 a weight on an arm 26 1nteﬂ’ral with le-

3

ver 11, by means of whose adJustmeut the

speed at which the governor acts can be regu-
lated.

The operation is as follows: As shown, the
‘gear E? is in the position at which the maxi-

muim gear -surface is in mesh, and conse-

75

quently at the position at whlch 1t will con-

sume the maximum power. This condition
exists when the motor is doing its maximum
work. - If the load on the m’otor decreases—
that is, if less wmk is thrown upon it—the
speed ol shaft g g* will be accelerated, caus-
ing the balls of the governor to fly oub the
lower end of lever _1_1 to be pulled to the
right, the upper end of leverll and the valve-
rod 13 to be pushed to the left, and permit-
ting the water to flow through passage 22 to
the left-hand end of gear- cha,mber 24 and to
discharge from the
chamber through passage 23, thus moving

whb-hand end of sa,ld_

80_

90

gear E* to the rlﬂ'ht reducmﬂ' the width of |

| ﬂ'ear-—surface 111 mesh This contmues until

g* is reduced to its

former rate, which causes the governor to re-
turn to its normal central position,' which In

turn moves the valves to their normal posi-
tion, thus c¢losing the passages 22 and 23 and
holding the gear E* stationary in its new po-
sition until there 13 another Va,rmmon in the

load.

95

100

From the fmeo'omﬂ' description it will be -

understood that my apparatus attains the

very important result of regulating the quan-

tity of lignid consumed in drwmﬂ' the driven

device—that is, in doing useful Work——'-pro-

105

portionately tothe work to be performed with-

out, as heretofore, choking the pressure. 1'his
will be best understood by reference to the
form shown in Figs. 8 and 9 in conneetlon
with the followmg explanation.

From any source of water-supply the pres-

IIO

sare is practically constant, so as to suit the

maximuim load for all motors connected to it.
With a motor of the displacement type oper-
ated from such source of supply the displace-

ment or power consumed is always the same

with a given speed whether no load or a full
load is on the motor. It is true that light
work could be done with less pressure; but
the pressure-supply is constant, and to pre-

‘vent the excess pressure being consumed in

giving excess speed to the motor the valve is

I15

120

choked and the excess of pressure is con-
sumed in foreing the water through the valve

and is lost. My device is such that the pres-
sure is not choked and lost; but the whole of
itisutilized.
of water consumed to the necessary amount,
and the remainder instead of belng wasted is

held back in the source of supply.

In an application filed by me April 14, 1902,
Serial No. 102,709, I have shown an appara-

tus.in which the same broad principle is in-

21, and passages 22 and 23 lead from the | volved of giving change of speed, change of

Isimply cutdown the quantity -

125

130
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direction, and rest to the driven device from | apparatus consisting of a casing, a chamber

a continuously-running motor by means of a
hydraulic pumping apparatus, and other ap-
plications of the principle can be devised that
will equally embody my invention. In this
application, Serial No. 102,709, I have also

shown essentially the same eonstl uction ot

novel hydraulic pumping apparatus, in which
the quantity of liquid consumed in driving
the driven device varies proportionately to
the work to be per f01 med without choking the
pressure.

Having now fully deqcubed my invention,
what 1 clan~ m, and desire to protect by L@ttels
Patent, 15—

1. In a hydraulie or liguid motor or pump,
a chamber having an inlet and an outlet, a
plurality of rotary coacting parts inclosed 1n
said chamber and adapted by their coaction
to regulate the quantity of liguid fed through
said chamber, and means to move one of said
rotary parts relatively to the other along its
axis to vary the extent of the coaction of said
rotary parts, thereby varying the quantity of
liguid consumed.

2. In a hydraulic or liquid motor or pump, |
a chamber having an inlet and an outlet, a

plurality of rotary parts having 11:1telmeshmfr
teeth and inclosed in said chambel and means
to change the relative position of ‘said rotary
parts along their axis to vary the extent to
which the teeth mesh, thereby varying the
quantity of liguid consumed.

3. In a hydraulic motor or pump, a plural-
ity of rotary coacting parts adapted to feed
liquid in both dir eetlons therethrough and by
their coaction to obstruct the back feed and

“means to change the relative position of said

rotary partsalong the axes of said parts, there-
byincreasing or decreasing the extent of their
coaction and consequently the extent to which
said back feed is obstructed, thereby varying
the net quantity of liquid consumed.

4. In a hydraulic motor or pump, a plural-
ity of rotary parts having teeth adapted to
feed liguid in both dneetwns therethrough,
said teeth being adapted to mesh and thmeby
obstruct the back feed, and means to change
the relative positionsof Sﬂid rotary parts alon g
theiraxes,thereby varying the extent to which
the teeth mesh and consequently the extent
to which the back feed is obstructed, thereby
varying the net quantity of liguid consumed.

5. A hydraulic or liquid motor or pumping
apparatus consisting of a casing, a chamber
therein, ports opening into and out of said
chamber, two revolving members in said
chamber adapted in their coaction to draw
the liquid from one side to the other of the
chamber and obstruct its return, and means
to shift said revolving members axially rela-

tively to each other, thereby varying the ef- |

fective driving surfaces of said revolving
members, and thus varying the amount of
liquid pumped through the chamber.

therein, ports opening into and out of said
ehambel two rotary coacting pump members
in said chamber adapted to pmpel the liquid
in both directions, and means to change the

relative positions of said members along their-

axes, whereby said pump members may be
caused to coact with each other to a greater
or less extent, said members being adapted
by their coaction to obstruct the passage of
the liquid in one direction through the pump.

7. The combination, with a device to be
driven, of a driving hydraulic pumping ap-
paratus consisting of two pumps, each pump

{ having a plmahty of rotary coacting parts,

means actineg upon the driven device and be-
ingacted upon by the two pumps in such man-

'nm a8 to tend to drive the driven device in

opposite directions, and means to shift the ro-
tary parts of each pump axially relatively to
each otherthereby varying the extent towhich
said parts coact, and thereby varying both the
absolute and proportionate feeds of the two
pumps. . | |

8. The .combination, with a driving hy-
draulic pumping apparatus consisting of two
pumps, each pump having a pluarality of ro-
tary coacting parts, of a driven pump, col-
nections fromeachdriving-pump tothedriven
pump, the connections being such that the
two driving-pumps tend to drive the driven
pump in opposite directions, means to shift
the rotary partsof each driving-pump axially
relatively to each other, thereby varying the
extent to which said parts coact and thereby
varying both the absolute and proportionate
speeds of the two driving-pumps, thus con-
trolling the amount and direction of liquid
pumped to the driven pump, and a device to
be driven connected with the driven pumnp.

9. A hydraulic or liguid motor or pumping
apparatus consisting of a casing, a chamber
therein, ports opening into and out of said
chamber, two revolving members in sald
clmmber having driving projections adapted
by their coaction todraw the liquid from one
side to the other of the chamber and obstruct
its return, means to vary the extent to which
the driving projections coact, and parts ar-
ranced to permit the driving projections to
pr opel liquid from the inlet to outlet side of
the chamber and to permit the non-coacting
parts of the driving projections to return 11(1-
uid from the 011131913 to inlet side of the cham-
ber, whereby the quantity of liquid pumped
may be varied proportionately to the work

performed without choking the pressure.

10. A hydraulic or liquid motor or pump-
ing apparatus, consisting of a casing, a cham-

ber therein, ports opening into and out of said

chamber,twointermeshing gearsinsaid cham-
ber the teeth of which are adapted to propel
the liquid in both directions through the
pump, and means whereby sald gears may be

caused to slide labelally with respect to each

6. A hydraulic or hqmd motor or pumping 4 other, thereby varying the extent to which
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the two gears mesh, the intermeshing teeth |
being adapted to obstruct the passage of the

liquid in one direction through the pump.
11. A hydraulic or liquid motor or pump-
ing apparatus consisting of a casing,a cham-
bei'therein, ports openinginﬁo and out of said
chamber, |

propel the liquid in both directions through
the pump, disks on opposite sides of one of
said gears of a diameter equal to the extreme
diameter of such gear, heads on the opposite
sides of the other of said gears of a diameter
equal to the extreme diameter ot such gear,
one of said heads being cut away to fit the
circumference of the opposing disk and gear,
and one of said disks being cut away to {it

~ the circumference of the opposing head and

20

~ draulic pumping apparatus consisting of two
pumps, of a driven pump, connection from
each driving-pump to the driven pump, the

25

oear, and means to slide said disks and the
corresponding gear laterally with respect to
the opposing gear and heads.

12. The combination, with a driving hy-

connections being such that the two driving-

two intermeshing gears in said
chamber the teeth of which are adapted to

5

pu mps tend to drive the driven pump in op-
posite directions, said driving-pumps being

| arranged to have an equal feed when in a

central position, and an operating device con-
nected with both pumps and adapted to be
operated to simultaneously increase the feed
of one pump and decrease the feed of the
other pump, thereby controlling the amount
and direction of liguid punmped to the driven
pump, and a device to be driven connected
with the driven pump, whereby the stoppage,
direction of travel and speed of the driven
device may be varied. |

13. A hydraulic motor or pump the actu-

30

35

4.0

ating parts of which consist of a plurality of

rotary coacting parts, and means to move one
of said rotary parts relatively to the other

‘along its axis to vary the extent to which Sa,ld

parts coact.
In testimony of which invention I have here:

unto set my hand, at Wmnetka on this 21st

day of Mareh, 1902.
FRANK ]3 IIERDMAN
Witnesses:
- D. J. OMEARA,
HENRY C. JOHNSON.
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