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SPECIFICATION forming part of Letters Patent No. 569,091, dated October 6, 1896. 
Application filed January 26, 1895, Serial No. 536,36l. (No model.) 

To all whom it may concern. 
Be it known that we, ARTHUR EDWARD 

CUTLER and REGINALD DONKIN, engineers, 
subjects of the Queen of Great Britain, resid 
ing at Mosman, near Sydney, in the British 
Colony of New South Wales, have invented 
new and useful Improvements in Hydraulic 
Compensating Pumps or Engines and in De 
vices for Regulating Same, of which the fol 
lowing is a specification. 
This invention relates to improvements in 

hydraulic compensating pumps and engines 
and in devices for regulating same, whereby 
the amount of power expended in such a 
pump or engine in performing work of vary 
ing extent or degree will be “compensated’ 
or regulated by the requirements of the work 
to be done, or, in other words, the expendi 
ture of power in raising loads of varying 
weights will be compensated or regulated in 
the ratio of said Weights, and, further, where 
the Work done is of a negative quantity, as 
Where a load is lowered, the reservoir of 
power Will be augmented in the ratio of the 
Weight of said lowering load. This invention 
is specially serviceable for regulating the 
quantity of Water used in hydraulic rotary 
engines, Cranes, hoists, elevators, inclined 
tramways, and the like, according to the 
amount of Work to be done in raising and 
lowering Varying loads. 
An improved hydraulic compensating en 

gine or pump constructed according to this 
invention has a crank-pin which is held in 
the compensatory position in a radial slot in 
a disk or crank by means of hydraulic pres 
sure acting upon a non-compressible fluid in 
a double-ended cylinder set radially in or 
forming part of the crank or crank-disk and 
whose ram is a double-ended extension of the 
crank-pin. The ends of this double-ended 
ram - cylinder are connected through the 
crank-shaft and a stationary plug in the end 
of said crank-shaft to regulating devices, 
which are adapted to be operated by hand or 
automatically, according to the work to be 
done or the varying resistance of the “load.” 
The position of the crank-pin being thus 
alterable in the radial slot of the crank-disk 
Or crank, either manually or automatically, 
the leverage of the crank is adjusted to the 

load. The regulating devices for the supply 
and exhaust of power from the double-ended 
ram-cylinder of the crank or crank-disk may 
take the form of a cataract, or other hydraulic 
governor, by means of which a variation of 
pressure in the main cylinder will cause the 
desired alteration of crank-leverage, though, 
preferably, these devices would be of one or 
other of the improved constructions herein 
after described. 
In order that this invention may be clearly 

understood, reference will now be made to 
the drawings here with, in which 

Figurelis an elevation of a hydraulic engine 
(usable also as a hydraulic pump) constructed 
according to this invention, and Fig. 2 is a 
central sectional elevation of same. Fig. 3 
is a central sectional elevation of regulating 
device or governor for an engine or pump 
such as that shown in Figs. 1 and 2, and Fig. 
4 is a sectional elevation of a fluid-supply ves 
sel or intensifier for use in connection with 
such regulating devices. Figs. 5 and 6 are 
elevations, partly in section and plan, respec 
tively, of a hydraulic pump having an ad 
justabie crank-pin which is automatically 
controlled by devices in connection with the 
ram of a multiplying hydraulic lift. Fig. 7 
is a partial sectional elevation of the cylinder 
end of a multiplying hydraulic lift or hoist 
Or crane having attached thereto devices for 
regulating a hydraulic compensating pump 
from same. 
and side elevation of a modified construction 
of Fig. 7; and Fig. 10 is a section through 
the turbine, the valve m^, and the ram above 
the head of the valve L*; and Fig. 11 is an 
enlarged detail, partly in section, of parts of 
Figs. 8 and 9. FigS. 12, 13, and 14 are sec 
tions and elevation of an auxiliary valve used 
in the regulating devices, and Figs. 15 to 22 

Figs. S and 9 are front elevation. 
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90 

are diagrammatic views of combination and . 
arrangements of elevator-regulating devices 
and compensating hydraulic pump. 

Referring to Figs. 1 and 2, A are the hy 
draulic cylinders with necessary valves, &c., 
as well understood, and B are the connecting 
rods to the crank-pin C in or on disk D on 
end of crank-shaft E, running in bearings E", 
the whole having an appropriate framing. 
The crank-pin C extends radially in reference 
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the incompressible fluid. 

2 

to crank-disk D outwardly and inwardly and 
takes the form of rams C", working in cylin 
ders D'in or on disk D, in which at the front 
ends of said cylinders is a slot D°. To the 
back ends of cylinders D' the pipes D and 
D communicate from separate ports or pas 
sages D and D, that extend longitudinally 
through the shaft E. These ports or pas 
sages communicate with ports or grooves F. 
and F in or on stationary plug F, which is 
held on the end of the shaft E by stuffing-box 
E°and gland E and is supported by a bracket 
arm E, to the outside of which are led the 
feed and exhaust pipes F and F, which are 
continued in the plug F as ports or passages 
F8 and F. The pipe F, passage F., port F. 
passage D, and pipe D always constitute a 
through passage, while at the same time do 
also pipe D, passage D", port F", passage F., 
and pipe F, the one end of such communica 
tions being the back of one of the disk cyl 
inders D' and the other end being the ends 
of regulating-cylinders, as in a cataract or 
other regulating devices or ports of such de 
vices. The pinion G on the shaft E (shown 
in gear with wheel G") is for transmitting the 
power to a hoist, &c., as well understood. 
The crank-cylinders D' and the passages 

and pipes connecting with same are filled 
completely with some incompressible fluid, 
preferably with heavy oil, so that pressure 
exerted in the regulating cylinders or devices 
will be transmitted to the rams C and the 
crank-pin C adjusted at any point in its pos 
sible movement in slot D. 
The regulating device (shown in Fig. 3) 

consists of cylinders H', connected firmly to 
gether by appropriate framing H. In these 
cylinders Hare rams or pistons S' on ends of 
one stem, which carries in its center a helical 
rack J. Working in rack J is a worm or end 
less screw Kon spindle K', having also thereon 
hand-wheels K and K and a friction-wheel 
or driving-wheel K", the cylinders H' having 
sockets H* at their back ends connected by 
the pipes F and F to crank-cylinders D', as 
before described, and they also are filled with 

It is preferable, 
though not essential, in order to make up for 
any possible leakage in the plungers or pas 
sages to use an intensifier (see Fig. 4) con 
sisting of a cylinder L with inlet Land hav 
ing therein a ram L' and always communi 
cating by pipe L with one or other of the 
pipes F and F. This ram is worked by pis 
ton M" in cylinder M, whose end is in com 
munication with the source of hydraulic 
power, so that, cylinder L being kept filled 
with non-compressible fluid, leakage, if any, 
will be constantly replaced and the rams C" 
in crank-cylinders D'kept effective in action. 
Any motion given to the spindle IK", either 

by hand-wheels K* or K or by the gearing 
wheel K", which is driven by some automatic 
regulating devices actuated by the lift or by 
the spindle around which the load is hoisted, 
is by WOrm. K and rack J transmitted to the 
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rams J and by means of the connecting-pipes 
F and F, as before described, to the crank 
cylinders D', where, the rams C" being actu 
ated, the position of the crank C is altered 
radially and its leverage made to suit the 
load to be lifted. Thus the amount of Water 
consumed in and by the cylinders A, Figs. 1 
and 2, is made proportional to the load. Fur 
ther, when the engine is used where power 
may be conserved, as where a load is lower 
ing, it (the engine) is converted into a pump 
drawing from the exhaust the amount of wa 
ter commensurate with the work of the fall 
ing load and forcing it backinto the accumu 
lator or the pressure-main. 

Referring to Figs. 5 and 6, the pump-cyl 
inders a have plungers b connected to crank 
c, which has ram extensions c' in cylinders 
d' in crank-disk d. The ends of cylinders d' 
are connected by pipes d' d' and passages 
and ports through shaft e, stationary annu 
lus f, and pipes ff to the controlling or 
regulating devices similar to those described 
and shown in reference to the engine of Figs. 
1 and 2. The motion of the motive power 
shaft is communicated to shaft e, and accord 
ing to the force exerted is the position of the 
crank-pin c in radial slot d'adjusted, giving 
it mure or less leverage and making the pump 
do more or less work. The motion may be 
communicated to the pump-shaft by belt or 
chain, or, say, preferably, friction-gearing, 
onto friction-pinion g. 
A hydraulic compensating pump such as 

that shown in Figs. 5 and 6 in use with a hy 
draulic multiplying lift would have (see Fig. 
7) a tension device at the end of the lift cyl 
inders or ram H*, a friction or other gearing 
between the pulley-shaft and the pump-shaft, 
and a supply and exhaust valve worked by a 
tension device. The sheave-bracket h' holds, 
as well as sheavesi, an additional sheave, such 
as that marked f* in Fig. 9, or a sprocket-wheel 
or a friction-wheel in gearing with the shaft 
of the pump, say by means of pinion g, (see 
Fig. 5,) so that such pump would work accord 
ing to the power communicated from said 
sheave-pulley or friction-wheel. The adjust 
ability of the crank of the pump is controlled 
by the tension on the rope or chain of the 
lift. In the sheave-bracketh' is the fulcrum 
k' of lever ic, fixed to end bolt k of the fixed 
endi of hoisting-ropei'. This end bolt slides 
in bracket h" and terminates under said 
bracket, with spring or elastic buffer k'inter 
posed. The end of lever k takes in adjusted 
position onto the spindle l', of an auxiliary 
valve L^, having ports land l connected with 
ports m, and m of the controlling-valve of 
the lift, whose spindle n is worked, as well un 
derstood, by cord through the elevator or lift 
car. This controlling-valve has a pressure 
supply port in, so arranged that when port m' 
is in through communication with it then mis 
in through communication with port m, and 
when port m is in communication with it 
port m' is in communication with port m', 
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these ports in and in being exhaust-ports. 
The ports land l of the auxiliary valve are 
connected up by pipef and ports Il by pipe 
f to the through-passages of the crank-shaft 
of a compensating hydraulic pump, as before 
described, thence to the crank-pin rams or cyl 
inders of same by pipes d' d', respectively 
that is, land connect to d and land is to d. 
The attendant regulates the controlling 

valve m^ by moving spindle n up or down, 
while the pull or tension on the rope i' by 
compressing or slackening spring moves le 
ver k and regulates the auxiliary valve L^, 
the normal position of this latter valve L* 
being shown in the drawings. Now in raising 
a heavy load the spring k would be com 
pressed and lever k be moved upwardly by 
the tension on the rope, (see Fig. 16,) valve 
stem li would move the valves thereon, and 
pressure enter the elevator ram - cylinder 
through port m, the port m being the exhaust 
passage from said ram-cylinder. Pressure 
Water would also pass to the crank-pin cylin 
ders through pipes and ports m m° landf 
d° to the outer cylinder d", Fig. 5, while the 
other or inner cylinder d would be open to 
through pipe d', pipe f, the through pas 
Sage of the shaft-pipe l', and ports l', m', 
and m. This causes the crank-pin to move 
inwardly until lever k resumes its normal 
position with supply cut off to port li. The 
amount of water pumped back into the ac 
Cumulator Or pressure-main is therefore in 
creased or decreased by means of the tension 
On the rope, and by this means when the car 
is ascending with a partial load the Water 
which would be otherwise wasted is pumped 
back into main or accumulator, as also if the 
car is descending the water equivalent to the 
load is so returned to power reservoir. 

Figs. 8 to 14 illustrate modifications of the 
regulating devices of a hydraulic compen 
Sating pump such as that shown in Fig. 5 
When used in connection with a multiplying 
hydraulic lift. In this case the tension device 
is dispensed with and a speed-governor per 
forms the function of regulating. The cyl 
inder or ram. H* has bracket h", carrying ac 
tuating-sheave f' and additional friction 
sheave i* for Working the pump. The con 
trolling-valve m^ is worked by the attendant, 
while a speed-governor worked by turbine 
N* actuates auxiliary valve L* similar to 
that shown in Fig. 7, save that the ports li 
and l are dispensed with. Ports lix and IX 
are exhaust-passages to Waste-Water tank,and 
a Supply-port l is made between the ports l'X 
and l’, which latter are connected to pipes 
fandf, respectively, of hydraulic compen 
Sating pump. 
The Operations of the mechanisms shown 

in Figs. S to 11 will be more clearly under 
StOOd. On reference to the details of the valve 
shown in Figs. 12, 13, and 14. In raising a 
light load the spindle m of the valve m is 
moved upwardly, opening the port 1 to the 
pressure-water, which passes upwardly in 

groove port or passage 2 to port 3, whence, 
passing through pipe 4, it enters by Way of 
port 5 the turbine NX, which it causes to re 
volve with a velocity proportional to the ex 
cess of pressure over the load to be raised. 
Flowing from the turbine, the water passes 
through pipe 7, having branches to both ports 
8 and 11 of the valve, the former port 8 being 
closed through port 10 to the main ram or 
cylinder HX. The turbine NX is at the same 
time revolving the governor-balls n', which 
lift and lower, as the case may be, the lever 
n° and move spindle l’ of the auxiliary 
valve. When balls n' fly outwardly, owing 
to increase of speed, the valve-spindle is de 
pressed and supply-port l communicates 
through port l', pipef, through passage in 
shaft e, and piped to inner crank-pin ram 
cylinder d, while at the same time exhaust 
is open from the outer crank-cylinder d' 
through pipes di, through passage in shafte, 
pipe f, port l', and exhaust-passage to 
Waste-water tank. This action moves rams 
C and forces crank-pin c outwardly from the 
center of shaft e, Fig. 5, and so increases 
the radial leverage or stroke of the pump, 
and therefore the quantity of Water per stroke 
which it draws from the Waste-water tank 
and forces into the accumulator or backinto 
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the main, which quantity corresponds to the 
excess of power exerted over the load lifted. 
When the valve m has been (by the attend 
ant) placed in its highest possible position, 
as it is required for elevating loads, the Sup 
ply-port 1 and port 9 freely communicate and 
a full volume of pressure will pass to the 
main ram. H^, as Well as the pressure-supply, 
by Way of the turbine N* through port 1, pas 
Sage 2, pipe 3, ports 4 and 5, pipe 7, branch 
8, port 11, and port 10. . 
In lowering a heavy load valve-spindle in 

is depressed and the Water from the main ram 
H* passes by Way of passage 9, passage 2, port 
3, pipe 4, and port 5 to the turbine NX, which 
it revolves similarly as before described with 
a velocity proportional to the excess of load 
over the normal load. Extra speed depress 
ing the lever 29, the pressure-water from port 
lpasses, as before described, through port l', 
pipe f, and pipe d' to the inner crank ram 
cylinder and leaves the outer crank ram-cyl 
inder open per exhaust-passage l’ to waste 
Water tank, thus causing the crank-pin c to 
move outwardly or increase its leverage, the 
exhaust-water of the main ram leaving the 
turbine N* per port 6, pipe 7, and port 8, 
(branch 11 being closed,) and port 12 to the 
waste-Water tank. When valve n is in its 
lowermost position, as in lowering loads, the 
passage 9 is open to port 13 and the exhaust 
from the ram-cylinderpasses in volume to the 
Waste-water tank. 
From the foregoing descriptions and by the 

aid of the letters of reference to which such 
descriptions refer and which are placed upon 
the diagrams, it will not be necessary to state 
anything further in relation to Figs. 15 to 22, 
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except to point out in general terms what each 
figure represents. 
hydraulic-lift-regulating devices and a hy 
draulic compensating pump driven from the 
gearing of said lift, and the arrangement is 
shown as when the mechanism is at rest-that 
is, neither lifting or lowering a load. Fig. 16 
is a diagram of similar gearing with the mech 
anism as it would appear when a heavy load 
Was being elevated, and Fig. 17 is the same 
when a light load is being elevated. Fig. 18 
is a diagram showing the mechanism when a 
light load is being lowered, and Fig. 19 is the 
same when a heavy load is descending. Figs. 
20, 21, and 22 are similar diagrams to the 
above with the modification of regulating de 
vices in which a turbine and governor-balls 
take the place of a tension device, Fig. 20 
showing the position of the mechanism when 
at rest, Fig. 21 the same when a light load is 
being raised or a heavyload is being lowered, 
and Fig. 22 the same when a heavy load is 
being lifted or a light load is being lowered. 
Having now particularly described and ex 

plained the nature of our said invention and 
in What manner the same is to be performed, 
we declare that what we claim is 

Fig. 15 is a diagram of a 
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In a hydraulic compensating pump or en 
gine, the combination of a shaft geared for 
the transmission of power and having on one 
end a crank-disk provided with ram-cylinders 
and a radial slot communicating therewith, 
the said shaft and crank-disk having through 
passages communicating with the ends of 
said ram-cylinders, the hydraulic cylinders 
and their plungers, a crank-pin connected 
With said plungers and provided with rams 
working in the ram cylinders of the crank 
disk, automatic pressure-regulating mechan 
ism communicating With the through-pas 
sages of the shaft and crank-disk for supply 
of fluid to and exhaust from the ram-cylin 
ders to automatically adjust the crank-pin, 
and an intensifier adapted to communicate 
With said through passages intermediate the 
ram-cylinders and pressure-regulating mech 
anism substantially as described. 
Dated this 21st day of December, 1894. 

ARTHUR EDWARD CUTLER. 
REGINALD DONKIN. 

Witnesses: 
THOMAS JAMES WARD, 
MICHAEL JOSEPH CANDRICK. 
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