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SPECIFICATION forming part of Letiers Patent No. 661,575, dated November 13, 1900.
- Application filed December 26, 1896, Jerial No. 617,036, ‘No model.) |

To all whom it maly CONCerm:

Be it known vhat I, RICHARD T. CRANE,
a citizen of the Jnited States, residing &t
Chicago, in the county of Cook and State of
[llinois, have invented certain new and use-
ful Improvements in Hydraulic Elevators, of
which the following is a full, ¢clear,and exact
description, reference being had to the ac-
companying drawings, forming a partof this
specification. |

This invention relates to certain new and

useful improvements in hydraulic elevators |

of the vertical type, and more particularly to
hydrogravity-elevators in which the car or
cage is lifted by the gravity of a falling
weight and lowered by hydraulic pressure di-
rected against, so as to lift, the weight.
The object of the invention is to provide a
construction wherein are secured all the ad-
vantages and economical results as to cost
of installation, maintenance, operation, and
space oceupied incident to the use of an ele-
vatorof the type above referred to and atthe
same time to dispense with a piston, a pis-

ton fit in the eylinder, and an independent

counterweight for the lifting-cables, and to
provide certain noveldetails in the construc-

tion and arrangement of the parts,-all as
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illustraied in the accompanying drawings, in
which— | |
Figure 1 represents a diagrammatic eleva-
tion of an elevator apparatus embodying my
invention, showing the cylinder for the ram
or plunger in section.  Fig. 2 represents a de-
tail section through the check-valve casing.
Fig. 3 represents a modified form of operat-
ing mechanism. Fig. 4 represents another
modified form.of operating mechanism. Fig.
5 is a detail longitudinal section through the
lower end of the ram and cylinder. Fig. 6
represents a horizontal section on the line 6 6
of Fig. 5, and Fig. 7 a detail longitudinal sec-

tion through a modified form of ram in the

cylinder. -‘

Similar letters of reference denote corre-
sponding parts in all the figures of the draw-
ings. | | | - |
[n elevators of the class to which my inven-
tion belongs to perform the service for build-
ings of considerable or even ordinary height
a heavy weight is necessary, and as the space

in which it may be used isinvariably valuable
and restricted it is of course desirable that
the weight shall be of such character as 10 oc-
cupy but little space and yet be sufficient for
the desired purposes.

55

I have found by practical demonstration in

the use of a number of elevators embodying
| my invention that the best results are at-

tained by the use of a ram or plunger of sub-
stantially half the length of the lift or of the

height of the building with buta single multi-
plying-sheave, this arrangement being most

econonical and advauntageous from every
point of view, as all of the apparatus s ¢con-
tained within theelevator-shafu, occupies the

minimum space, requires theoilingand main-

tenanee of hut two sheaves, and involves the
use of but one set of cables, and that only the
length of the height of the building.

In carrying out my invention I employ a

guide-frame A of any desirable or suitable

construction, which should be of a length
equal to about one-half of the height of the
building and located in the upper partof the
building,and a plungeror ram B,which should
be of a length equal to about one-half of the
height of the buildingand arranged to work in
acylinder C, which should be of a length equal

to about one-half of the height of the build-

ing and located in the lower part of the build-
ing. This cylinder may be of any desired
and suitable construction and may be sup-
ported in position in a-manner that will be
obvious to one skilled in the art, according
to the requirements of the particular build-
ing in which the apparatusislocated. ILpre-
fer, however, to have the eylinder C made up
of a number of sections, as illustrated in the
drawings, such sections being bolted or other-
wise fastened together end for end and pro-
vided with bearings near the ends thereof,

6>
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which serve only as guides for the ram or

long bearing of the ram or plunger through-

out its length and the excessive friction re-

sulting therefrom. It will be bornein mind,
however, that the ram should not have a pis-
ton fit in the cylinder, but, on the contrary,
a sufficiently loose fit to permit the free pas-
sage of water between the ram and cylinder,
which condition is greatly promoted by having

plunger, so as to avoid the necessity for a
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the series of guide-bearings in the cylinder, | shocks to the car and its operating and ac-
with the remainder of the walls of the cylin- cessory mechanism in stopping at either limit
der well separated from the ram instead-of | of its movement, + | |
simply a loose ram in a plain eylinder. - Forthe application of hydraulic pressure
5 The purpose of the loose or free fit of the | to the cylinder to lift the ram or plunger 1
ram in the c¢ylinder is to enable the cylinder | prefer to have the water-inlets located above
to be kept full of water at all times, whether- the lower-end of the cylinder, preferably at
the ram is wholly or partly within the same, [N and O, respectively, one being below and 73
~ the maintenance of a hydrostatic column of | the other above the lowest bearing P for the
10 water in the cylinder being of the utmostim- | ramorplungerin the cylinder. Anysuitable
| bortance, as will appear farther on. Obvi: | apparatus inay be employed for forcing the
ously various other means may be adopted | water into the cylinder and for controlling
for providing this hydrostatic column in the the supply to and discharge thereof fiom the 8o
- ¢ylinder—such, for instance, as by grooving | eylinder, the particular construction and ar-
15 the eylinder or by having the ram fit'loosely | rangement of such apparatus forming no part
“In a uniformly-bored cylinder and provided | -of-the present invention. | |
with a cross-head or guide of any suitable _ The supply of - water through the water in-
character; but-all such modifications or any lets or-ports N and.O-is-simultaneous, while 85
other construction that enables the mainte- the lifting effect of the water admitted at the
20 nance at all times of the hydrostatie column. upper pert.is somewhat throttled by the in-
In the cylinder are within the purview of my: | terposition of the lowermost bearing in the
‘Invention. | - - cylinder until the end of the ram passes the
1t is necessary, of course, in order to main- | same, after which time the water admitted go
tain the hydrostatic column that the. upper | at. both ports operates with full and unre-
25.ena of the cylinder through which the ram.| stricted force. The. principal advantage,
- works should be closed, and to accomplish | however, of providing this succession of ports
this I prefer. to use a simple stuffing-box D;.|.through which the water is admitted to and
closing the end of the cylinder and through: discharged from. thecylinderoccursin the dis- gs
which the ram works, which box may- be.!.charge .of. the water from the cylinder, when
‘30 readily removed and repacked when neces- | the water may. be utilized as: an automatic
sary. without removing the ram or-disturbing.| stop for the.ram or plunger. o
any-other parts of the apparatus.. | - So faras relates to the broad ideaof m y-in-
The.upper end of the ram or plunger. pro- vention it-is immaterial whether one or more ico
Jects -beyond the eylinder when the. ramis in-| inlet and discharge openings-be employed or

35 1t8 lowest position in the eylinder, and it'car- | whether the water is admitted and discharged
ries at its upper end a cross-head E, which through the same inlet or.inlets: The loca-
engages the guide-frame A and serves:to. tion of the supply and.-discharge ports above
guide and steady the upper end of the plun- | the:lower end.of the cylinder prevents the 105

ger:after it leaves the cylinder, the detailed complete discharge of the water from the cyl-

40 -constraction of the cross-head: being obvi- | inder, and the water thus retained-in the eyl-
ously immaterial to my present invention..| inder way be utilized as a.gradual stop for
Supported upon the cross-head . is a frame F, | the plunger by tapering the lower end of the
in which is loosely Journaled:a multiplying- | plunger below the upper supply-port O or ri1o
sheave G, around which are trained the ilft- | by providing tapering grooves on the sides of

45 Ing-cables H, one end of whichlatter is an- | the plungers, so that as the plunger passes
chored at I to the upper end of. the guide- | beyond the lowermost bearing P in the ¢ylin-
~frame A or any other suitably-fixed part, the | der the escape of the water in the.lower end
~other ends of the cables:being. anchored to | of. the.cylinder through.the port- O will be 115
the frame of the car Jin any well-known and .| gradually throtvtled; the resistance of the wa-

5> convenient manner. The lifting-cables, as.| tertothe downward movement.of the plunger.

- usual in elevator constructions, are trained | materially resisting.the travel of-the plunger.
over.the idler-pulley or main sheave K atthe. to 1ts. lowermost position. I
‘top of the elevator-shaft, - The effect of locating thelower port N above izo

| At the top of the guide-frame A may be lo- | the lower.end of the plunger may be obtained

55. cated a spring-buffer I, against whieh the by having a relatively. free passage throungh

- Irame Fimpactsjust before the frame reaches | the port O and -a restricted or contracted pas-
the limitof its upper travel, and consequently | sage through.the port N, which. latter may-

Just before the car or cage reaches the limit | in.this instance be located at any poeint along 123
of its lower travel, while at the lower end of | the eylinder and.but: slightly above the bot-

60 the guide-frame may be arranged - a. pair of | tom, if desired, the purpose being to afford
spring-buffers M, against. which the cross- | increased. resistance to the.discharge of. the

head impacts just before reaching the limit.] water from the.cylinder after. the end of the

of its.downward. travel, and. consequently | plunger passes-the lowermost bearing. De- I13C

Just-before the car or cage reaches the limit | vices for accomplishing this result are illus-
05.0f its upper travel. These buffers serve as | trated.in Figs. 3 and 4 and will be deseribed

spring-stops for the elevator at both limits of | farther on. N | |
its travel and prevent violent or dangerous | Asbetween a welghted piston for lifting the
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car, which T am aware is old,
planger such as I have herein descrihed,
working freely in the cylinder, by which I
mean in such manner as to permit of the
maintenance of a hydrestatic column 1n the
cylinder throngh which the ram falls, there
is a wide difference mechanically as well as
in the results produced. In the first place a

- weighted piston must have a piston fit in the
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along the

cylinder to be operative, and such a piston

fit in a cylinder of the length required in |

practice it is practically impossible to main-
tain, and if possible to maintain would 1n-
volve great waste of power to overcowme fric-
tion and binding as compared with my freely-
working ram. Furthermore, the packing of
the piston must be frequently renewed, and
this can only be done by completely withdraw-
ing the piston from the cylinder, an operation
in volvnw oreat waste of time, both 1n the
packing and in the enforced 1(116116% of the
elevator. The packing for my ram 1s in a
stuffing-box at the upper end of the ¢ylinder,
through which the ram works with the mini-
mum frietion, as reliance need not be placed
upon the stuffing-box as a guide for the ram,

and the renewal of the pa,c,k:mtr 1s a very sim-
ple mannerand can be accomplished without

the removal of the ram from the cylinder, as

is perfectly obvious.

In practical operation a weighted plston 1f
operative at all, 1n a cylmder of practical
length, would soon cut the cylinder so as to
necessitate the removal of the cylinder from
the building for reboring or the substitution
of a new cylinder, besides involving the en-
forced idleness of the elevator in the mean-
time. In the use of my ram all danger of
cutting the cylinder is avoided, because no
piston is employed. In addition to all of
these practical advantages of the ram over
the weighted piston there are the further im-

'pmtd,m advantages incident to its use in the

provision of means for maintaining a hydro-
static eolumn through which the ram falls,
thereby enabling the “utilization of the chanu‘-
ing displacement of the ram to connterbal-
ance thechanging weight of the lifving-cables.
This cannot be done with a weighted piston;
but, on the contrary,an independent counter-
balance, such as the well-known counterbal-
ance-chain suspended from the car, must be
employed as a counterbalance for the chang-
ing or shifting weight of the lifting-cables.
Another important advantage is the capa-
bility of use of the ram in connection with
a sueccession of supply aud discharge ports
cylinder as an automatic stop for
the ram at the limit of its downward travel,

whereby are avoided dangerous shocks and

jars, which would otherwise oceur. by hav-

ing the ram work freely in the eylinder in-
stead of with a piston fit, like a piston, the
cylinder is maintained full of water, so as to
provide a hydrostatic column therein at all
times and under all conditions, which may be
taken advantage of to provide an automatic

and a ram or |

counterbalance for the running cables, and
thus dispense with the usuaal counterbalance-
chain attached to the car or other independ-
ent, counterbalance, with its necessarily-ac-
companying cables,  Anotherimportantand
desirable result attained by maintaining a
hydrostatic columnin theeylinderat all times
i1s that it prevents the possibility of air get-
ting into the cylinder, with the accompanying
evils resulting therefrom. It is immaterial
to the broad idea of my invention Lhiow or by
what means the hydrostatic eolumn is main-
tained under all conditions; but for the pur-
pose of illustration I have ShO wn in the draw-
ings three arrangements by which this most
desirable result may be accomplished.

In Fig.11 have shown the application of a

tank a, located on the roof or in the upper
part of a building, which tank or some other
suifable source of constant hydraulic pres-
sure is connected by a pipe b with the cylin-

der C, preferably near the upper end there-
| of, and has a check-valve ¢ located therein,

75
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which valve may be of any suitable construc-

tion so long as it is arranged to open toward
the cylinder, but will close so as to prevent
the outflow of water from the cylinder.
this construection the hydraulie lifting-col-
umn directed against the end of the ram is
obtained from any suitable source and ad-
mitted through the openings N and O, or
either of them, near thelower end of the cyl-
inder, and by reason of the loose fit of the
ram in the cylinder or the passages provided
for the free run of the water past the ram
the water thus forced into the cylinder at the
bottom will fill the cylinder to the top, and
sufficient pressure should at all times be

‘maintained to keep the cylinder full of water,

such pressure obviously being not sufficient;
to lift the ram. In any event should the
pressure fall sufficiently to temporarily lower
the head of the column of water in the c¢yl-

e

inder the loss will be instantly supplied by

water from the tank a, which is free to flow
into the ¢ylinder, but cannot low back there-
from to the tank. In the same way should

| the pressure in the cylinder be instantly cut

off while the ram is rising, or should the lat-
ter, by reason of inertia, continue to rise,

In
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thereb} tending to ploduce a vacuum at the

end of the ram, snch vacuum will be instantly

~dispelled by ‘rhe supply of water which will

be thereby drawn into the ¢ylinder from the
tank a. This action serves to prevent the

falling back of the ram after the force of

inertia is overcome, which would result in

serious and damaging shocks tothe elevator-

car and the accessory parts. This action
also serves to prevent the drawing in of air
which would follow but for the free inlet of
water to the cylinder from the tank, so that
under any conditions the possibility of air
gettiug into the eylinderis avoided. Should

it forany reason be undesirable to maintain
sufficient pressure from the source of hydrau-
lie bupply to keep the cylinder at all times full

120

125

130



- broadidea of myinvention, is not specifically

10O

L5

25

30

35

40

45

_50

55

60

~ scribe’ in: detail herein,) whereby: the water:
- may: bea- admitted: to the Openin-gs ‘N and O, __
20

cylinder-can-never fall below:the head of the:

ratus for keeping the cylinder full:of water;

- partially hollow, as illustrated in Fig. 7, and |

. —

of:water, this service can -=be' perft)wﬁe'd by the | alsoregardlessof the shapeor configuration of

tanka,which, asbeforestated, maybelocated.
at any suitable pointand can besupplied with:
water from any source. o o
In:.Fig. 3 I have shown another mechanism:
for keeping the cylinder-full of: water- at-all
times, which, though: contemplated by the

of:my-invention, but-is herein:illustrated as
being one of the forms in. which. my inven-
tion has been practically embodied in:eleva-
tor apparatus-now-in:daily service:. In this
apparatus I provide a stand-pipe d, through
which the water from: the cylinder is- dis-
charged, a suitable arrangement of' control-
valves being'used:in: connection therewith,
(which it'is-not:necessary toillustrate or de-

or either: of:them, while the stand-pipe is-cut-
off: from: communiecation with the cylinder,
but whieh will establish: communication be--
tween :the stand-pipe and the cylinder when-
ever the diseharge of:the water is-desirable.
Obviously' the-head of the column in: the:

column-in the  stand-pipe, and as the latter:
1s extended up ito:a point:substantially.even
with the top of the cylinderthe cylinder:will!
be atall times kept full, |

In Fig. 41 have shown still another appa-

in-which the pressure-tank e is substituted:
for the stand-pipe, the pressure - tank: ner-
mally containing-sufficient air or other pres-
sure to sustain the column of-water theheight:
of the cylinder.. This tank may form a por-
tion of:the usual circulating pumping system:
from which the pump-supply is drawn:.

In - ail forms of my invention the chang-
ing displacement of the ram or'plunger may:

be-utilized' to counterbalance the changing’|-

weight of the lifting-cables in their run too p-

posite sides of‘the main sheaves. I may here
state, however, that'the invention involving:
the utilization of the changing displacement
of the ram.to counterbalance the changing:
weight: of thelifting-cables by proper propor--
tion of  the displacement caused by the ram:
to the weight of the lifting-cables is not my-
invention, butis that of George H. Reynolds;

whose application for patent for said:inven-
tion was filed: March 27, 1895, Serial No.
943,381, and I therefore do not'desire to herein:
claim the invention by which that useful and.
desirable resultis attained: It is well'under-
stood that the ram when immersed in the
hydrostatic column theoretically loses a cer-

upon the displacement caused thereby, and
that, conversely, as the ram emerges from the

hydrostatic column it theoretically acquires ; inder through said pipe. - This relation of

size, however, is not essential, and the pipes

weight, or, in other words, regains the weight
lost'by immersion. This principle holds good
whether the ram is solid orhollow (if closed):
throughout its length or partially solid and

e 861,575

the ram; and solong as the ram has-sufficient
welghtito lift the-car and its ‘accessory parts
ity shape or-construction would fall within my
invention; but totake advantage of this dis-
placement:for thepurpeses of: a counterbal-
ance for the changing-weight of the lifting-
cablesacertain proportion mustexistbetween

the displacement caused by the ram and the
weightiof the cables, so thatthe weight of the
water-displaced by-the ram in:any position

will correspond:with so much of:the weight
of:the lifting-cablés-as has run from one side
to the other ofithe main sheave. This is Mr.

Reynolds’s invention, for so far as relates to
-the broad - idea of my-invention a counterbal-

anee-chaln might! be: employed: without de-

stroying:any‘of'thie other ad vantages herein-
‘before set forth. .
- Assuming an  apparatus-having a‘ single

multiplying-sheave or:a-movement of two to
one as-between the carand the ram, by hav-

ing-the displacement of the ram so propor-
tioned that'the weight of the waterdisplaced
by 1t per foot:will' equal the weight! of two
feet: of’ the lifting-cables, it- will' be readily
seen: that: as-the ram falls each foot it will
lose: i weight the amount gained by the
welghtiof: the two feet of the lifting-cables
running to its side of the 'main sheave, and,

on the other hand; when the ram is rising it

gains in ‘weight-each foot:an amount equal to
‘the loss-of:weight from the running of two
feet of the lifting-cables to the carside of the
‘main sheave.
‘practically remains-‘the same throughout its
movements up and down, and the same power
‘will 'move it in all ‘positions: '

Hence the 'weight of the ram

The detail mechanism illustrated in:Figs.

9 and 4 does'not form-a specific part of my
1nvention; but I'may state generally that in
both f*is a supply-pipe-from the pump or
other: source of pressure, ¢ is:-the change-
valve,.h is'a pipe leading from the change-
valve to the opening O:in the" eylinder, 7 is
another pipe-leading from.the change-valve
tothe opening N-in the e¢ylinder, 5 is the dis-
charge-pipe, leading to the stand-pipe d or
the pressure-tank e, and kand [/ are branches
‘07 the pipe, in the former.of which is located
athrottling-valve m andin the latter of which .
islocated a:check-valven. The throvtling-
valve m-is-adjustable, so as to render the
passage ot water through the pipe k& in either
direction more or less: restricted; as desired.
T'he check-valve n opens upon movement of
the water toward the pipe<and closesagainst
_ ‘& return movement of the water.
tain portion-of its weight perfoot,depending |

The pipe h-is-several times the eapaeity of

‘the pipe 72, thereby permitting a compara-

tively free flow of water to and from the cyl-

may be of the same capacity or reverse, the
principal point beingto-have the two pas-

sages for the escape of water from:the lower
end of the ¢ylinder through the pipe ¢ to the

70

75

30

GO

95

1CO

Y05

110

I15

I12C

I2§

I30




IO

20

661,575

| disehafge pipe in order to utilize the retarda-
It

tion of the water as a stop for the ram.
will thus be seen that the pipe i is practi-
cally cutoff by the ram when the pipe 2 comes
most actively into play, although both pipes
operate simultanecusly in foreing water into
thecylinder. Asthe waterisbeingdischarged
from the cylinder the comparatively free dis-
charge afforded by the pipe [ branching from
the pipe 2 will be closed by the check-valve
n and the water will be compelled to pass
through the restricted passage m. |

Of course it will be understood that the
elevator-car, with its accessory parts, must be
of a weight more than sufficient to counter-
balance the lifting-cables between the main
sheave and the ram when the ram Is in 1ts
lowest position, so that the car will start
promptly when the ram is lifted, thus allow-
ing the car to fall.

An elevator dppalatus constructed in ac-.
cordance with my invention is simple, dura-

-~ ble, and eeono_mical in the maximum degree,

25

30

35

and is of such construction that it will not
easily get out of wor Ring order and may be
easily a,nd quickly repaired if it does, besides
which mmy invention possesses the maximum
advantage in the cost of installation, main-
tenance, operation, and space occupied.

Having thus fully described my invention,
what I elmm and deswe to secure by Lettels
Patent, 1s—

1. IIl an elevator, the eombm&twn of a car,
a ram, cable connectwns therebetween, a
closed ey]mdel in which said ram works, &nd

havmc-‘ an internal diameter ﬂrea,ter tha,n the ,

—

diameter of the ram, a series of guide-bedi-
ings for said ram at intervals in the cylinder
through which the ram freely works, means
for permitting the passage of the operating
medium through said guides and about said
ram, a hydraulic pressure operating to main-

tain said cylinder constantly filled with wa-
ter, means for controlling the supply of said

water, whereby the ram 1is raised by said
presstre to lower the car, and means for con-
trolling the exhaust of S&Id water from the

_cyhnde[ whereby the car is raised and the

weight of the hoisting-chain 1s compensated
by the fall of the ram in the c¢ylinder, as and
for the purpose set forth.

2. In an elevator, the combination of a car,
a ram, cable connections therebetween, a
closed cylinder in which sald ram works, hav-
ing an internal diameter greater than the
diameter of the ram, a series of guide-bear-
ings for said ram at intervals in the cylinder
through which the ram freely works, said ram
being externally tapered to permit of the pas-
sage of the operating medium about said ram,
supply and exhaust openings for said eylin-
der adjacent t0 the lower end thereof but
somewhat removed therefrom, and means for
controlling the supply of water to and ex-
haust thereof from said cylinder, whereby
said eylinder is constantly maintained filled
and the ram is raised and lowered, as and for

| the purpose set forth.

| RICHARD T. CRANE.
Witnesses:
W. R. OMOHUNDRO

C. L. Woobp.
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