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. To all wfwm Lt ety COTLCEFTL:

1O

Be it known that T, "CHAUNCEY N. DUTTO\T
of the city, county, and State of New Ymh,
have invented a Celtdllil new and useful Im-
provement in Pneumatic Differential Dry-

Docks, of which impr ovement the followmo'_

is a specification.

- The object of my 1"11‘1.7(311131011 is to pr ovide ef-
- fective and desirable means whereby vessels.

may be docked for purposes of repair, paint-
ing, &e., with the least practicable e\:pendi-'

' ture of ‘mme and power and the meg.,t%t de-
- gree of safety attainable. - o

| 26

25

30

tions.

35

<o

floating docks.

There are twotypesof dr y' .docks in com mon,-

use—namely, ground or graving docks. and

sist in excavated watber- tln*ht ﬂ'@ted chambers.

When they are to be used the keel and bilge |
blocks on which the Vessel is to be suppor ted-
are placed in proper position, water is ad-
‘mitted tothe chamber, the gate is opened con-

necting the chamber Wlth the water of the

| hatbor in which the dock is located, the ves-
sel is floated in, the gate is closed, and the wa-
ter is pumped ou’r the vessel settlmﬂ' upon

and being suppmted by the keel and bilge
blocks.

movement, vibration, or oscillation as any
other ‘stmeture 1est1n0* upon good founda-

and precision than uponamoving body.
level and plumb can be nsed free]v

"~ The objections to graving-docks are, pri-
marily, their great cost, the expense of pump-
ing out the ﬂ‘reat volume of water which they

couta,m, and the loss of time incident thereto;
secondarily, the dangerof leakage interfering
with the workmen ?und the sa,fety and stabﬂ-

ity of a vessel upon its supports, and, finally,

the clogse and ill-ventilated quar tels in whleh
the workmen must work.: |
- Floating docks as heretofore construeted

and oper (Lted while cheaper in first cost than
S graving- doeks,, have been more expensive in
~ operation and involve nearly if not quite as

great loss of time in docking vessels.
a,ffoxd free access to the V@SSBLS upon them,
‘and the workmen have abundance of room

Ground or graving docks con-

A vessel thiis supportedis firmly a,nd |
truly held and is of course as wholly free from

Theelements of st%bﬂlty and firmness
are highly desirable, as work upon a structure |

~so supported proceeds with greater facility
The.

--dry dock, 1llustra.t1n

They

firm and free from movement and oscillation
to enable the work of repair upon the vessel
docked to

t1p over.
My mventlon is deswned to p10v1de a dry-
dock on which the ves&,el can be docked in

‘the shortest possible time with the least ex-
| penditure of power and on which it shall be
‘held with such rigidity and firmness that the
level and plumb bob may
ing, as in the graving-dock, and Wthh shall

be used in repair-

be wholly free fmm upsettmn* ':

To this end my invention, gener all y sta,ted

| 00n51sts in certain novel meohd,msms andcom-

binations comprehending a docking member
composed of an open-bottomed air-chamber
or caisson carrying a wor king deck or plat-
form on which a vessel may be supported,
means for leveling said docking member

proceed under ogood conditions.
The means adopted to keep them level have
| not been adequate, and consequently the

docks and the vessels upon them are in con-
stantmotmn,and theyme mMoreover, liable to

'ATENTOFFICE. "

1 heretofore GOH‘Stl ucted has been sufﬁmently_ o
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while being raised and lowered and support-

| ing 1t 1n truly level position, and means for

raising and lowering the docking member,
composed of a pneumatic dlffelentmtmo'-dc-
cumulator and valve- controlled pipes con-

necting the air-chambers of Lhe aecumulatm |

and docknw niember.

fully set forth.- |
In the aceompanymn drawings, I‘ln'ule 1is

‘a plan or top view of a pneumatic dlﬁerenmal
an apphcatmn of my
1nventlon Flb 2, a view, half in side eleva-
tion and half in lonmtudmal central section,

of the same; Figs. 3 and 4, transverse sec-

tions with the docking membet elevated and

.deplessed 1espect1ve] y; Fig. 5, a plan or top
view of one of the duplicate docking mem-

bers, the lower half showing the fl&mlllﬂ of

| the working deck and the upper half show-
‘ing the air- chambels and framing
similar view of the lower tlmbel portlon ‘of
the dockmﬂ' member;
.section, on an. enlmn‘ed scale, through the
dockmg member, the left hand half showmw

Kig.,

the same asdepr essed and the right-hand ha,lf
as elevated; and Kig. 8, a dla,gl am illustrat-

z‘md aood Ventllntmn but no. ﬂoatmn' dock | ing the 1(3]‘1131011 of p]esgmefs m the structum

The improv ement elmn’led is. helemaftel_

a transverse
1CO

:.80 f

g0

. Fig. 6,a




AS 111ust1ated in the dmwmﬂs the prmol- I

_ __pal elements of the dock oonsmt in a docking

membercom posed of open-bottomed ajr- tanks
‘or caissons carrying a flat working deck and
Pprovided with apparatus to synohlomze 1ts
‘motion and hold it absolutely true and level,

~ a pneumatic accumulator, air-pipes by w 111oh_
- the accumulator may be connected with the
dock, and a pmnpmo' apparatus for movmn*_-'
or renewing tho air by which the dool{ is op- |
erated. : |

"~ In the opemtlon of the dook air is. trans-
ferred from the accumulator to the dookmn'_
member or members to raise it or them as
(1111(31{1}7 as posmble and when the dock is to
‘be lowered the air is transferred back into
the accumulator, so as to save the air and |

.................................
.............................................................................................................
i

“economize the power necessarily employed.

~ the accumulator or either of them is made |
This differentiation is so de-

25

- resistance of the dock, and when the dock IS
- being lowered the pressure in the acoumu]a-:
- tor is 'LllllfOI mly less tha,u the ptoqsnre n the_

-30.

35

| differential.

signed that when the dock is bemn* raised the

the dock as to be uniformly greater than the

dock.

. shafts, the shafts of the two sections of the

__ j':4b_

dookmﬂ' member being adapted to be con-
“nected, as from time to time desired, by a |
Kither of the seotlons 1
of the docking membm may be operated in-
- dependently of the other when small or short

detaohable counlmn'

. vessels are to be dooked and by connecting

~ the synohlomszr-shafts the two sections of
the docking membel are made a single struc-
- ture, Whleh may receive a large Vessel oceu-
pying the entire length of the dock, or two

: pendently.
- Inthe praotloe of my mventlon a suw&ble |

|  _ 50 site having been selected,

Or more Smallor Vessols m&y be dooked mde—

- doek, an execavation is made of sufﬁolent

- depth to permit vessels to float over the dock |

_:when depressed, and guiding structures or

55

piers 1 are built in two

| ,j_member A, whether in one or two seotlons

60

....................................

- ¢can be 1ooated between them. The piers l_-_
serve as the foundations and supports of ver- |

tical racks 2, each of which stands

| The Sha,fts :-;md p1mons by theu ellwaﬂelnont

.................................................

ing.

ted.

pr efel ably such

tudinal agirder,

The racks 2 3 on each

..........................................

I all su:les

-fmth the 1aoks aceur ately level the dookmo*
member endwme and synchronize the move-
ments of its ends, any tendency to incorrect o
alinement, which would cause one end to
move fastel than the other, being resisted by
the torsional strength of the Shafts R
sidewise is 1eSISted by the shafts and pinions
acting as rollers and also by guide-wheels 6,
'Journaled on the lower part of the docklno*j o

Tlltlnﬂ‘_ i

75

member and running on rails on the piers 1 .

parallel to the racks 9

in two f:,eotlons the shafts} 5 of each section

................................................
.............................................................................................

) _elthel seohon of the. dook
To give the greatest possﬂble economy of |

power in opemtmﬂ the dock, the dock and |

‘Where, asin the in- o
stance shown, the dookmn' membol is made =
30 -
are provided with suitable detachable coup-
lings 7, by which they may be connected to. =
or detaohed from thoae of the other seotmn SR

~ The docking member A. con'sasts of an Open- N }

bottomed air-tank or caisson, of any suitable . -

material, profemblv steel.

‘Within the caisson A are formod dif

against Wthh the air therein contained bears
is in the lower partof the cone and less when it

| cause the docking member gives a dlfforentlal- T
pressure eventhotlﬂ'h these chambersbeomit-
W’hen they are made of the formshown =
‘inthedrawin gs,in order to make them as large

| as can be oontamed ‘within the outer cham-
"] ber and at the same time to make them stiff

‘The drawings R
show a Stee]. dock, in which the walls 9 of the

caisson A are made i in segments of cylinders,
pressure in the accumulator varies in such a

manner relatively to the varying pressure in

Qo .
80 as to bein tension .‘:'Ltld dispense with fram-; ERIEE

‘The segments of the walls do not quite:
1nte1 sect, but are joined by longitudinal
| plates 9%, and where the longitudinal plates
- 1nteiseot the curved walls thele are trans-
verse tie members 10, fra,med into stiff trans-

- | | verse members, wl':uoh af
- The dmwmws show a dl'x*lded or dUphoate

o dry-dook the dooklnﬂ* member being formed |
~ in two independent seot1ons seb end to end,
- each having its own pneumamo mooumulator

ford firm foundations
for the racks 3 and the lower guide- ‘wheels 6.
61611- e
| L1al chambers 8, which are preferably conical,

| so that the preqsure ‘therein may be Varled R
'COHH@CEIDQ‘-pme system, and S}?DChIOHIAII]o'_ '

100

| with the varying degree of immersion, the
pressure in said ohambers due to a oonsta,nt HE
| weight, being greater when the water-surface

isin the upper partof the cone; but, as herein- L
‘after explained, this formof said ohambers Is
1 notran essential feature of my invention, be-
110

and strong without framing they are made

W@I‘J‘ht of the vessel docked.

| in two seﬂ‘mentsqymmotuoallychsposed upon .
'}that access can ‘be had to both ends of the ‘the longitudinal axis of the dock, the ends S
| of the two segments being united by a tie

member 34 on sald axis, thls member being

| continuous from end. to end. of the dookmn.._ x
p&rallel lines or se-

ries at such distance apart that the docking

120

‘member, and in addition to serving as a tie to B

| hold the ends of the segments of the differ-

‘ential chamber also bemw framed as alongi-

giving support to the keel—j

‘blocks and takmﬂ' the prmolpal palb of the

parallel | |

. with a similar rack 3 on the cdeaoent side of | |
- the docking member.
 .side of the docking member are engaged by

intermediate pinions 4, fixed upon synohlo-'

'111Z1HU‘-S]1<LfES 9, Whloh &16 pr

......................................................
.......................................................................
[ S T [y ............

125

_ The docking memberis prefemb]y plowded_ R
with a lower seotlon 11, formed of timber, so = |
that when it is desired 60 paint the steel struo-' 130
tture the docking member can be raised to .
| such height that the steel portion will. been- ...
tirely above the water-level and accessibleon =

The air-chambers are covered by =

115



...........................................................................
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..............................................................................
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.........................................
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.................................
..............................................

. 615440

4 steel roof 12, which is protected by a layer

‘of asphalt 121, upon which is laid a substan-

tial timber working deck or platform 13, of

sufficient thickness to permit the usual ways

¢ forthe keel and bilge blocks employed to sup-

port a vessel to be spiked to it without dan-

- ger of perforating the metallic air-tight skin-

10

of the air-chambers. =

A system of ground-pipes 14 140 14%, &e.,
controlled by valves 30, leads from a source

 of compressed air, to be presently described,
to suitable locations below the docking mem-
ber, where they connect with vertical stand-
pipes 15, open at their upper ends and ex-
tending above the water-line into hoods or
inclosing pipes 16 16* on the dock member,
the pipes 16 opening into the outer air-cham-
ber 8* and the pipes 16* being connected by

20

branches 17 with the differentiating-cham-
bers 8.

In the movements of the docking

member the hoods thereon telescope thestand-

pipes and permit the free ascent and descent

of the docking member without escape of air

from the connecting-pipes or air-chambers.

It will be obvious that, if preferred, air could

be led to and from the air-chambers through

flexible pipes or by any other suitable means.

30

The drawings show a valve-controlled pip-

+

ing system,with branches adapted to connec

with the several parts or separate air-cham-

bers of the system and so controlled by valves

that the passage of air can be controlled and

~ directed from any part or member to any

35

10

other member. The branches 14* communi-

cate with the outer annular chamber 22 of
each accumulator, and branches 14' commu-

nicate with the inner chamber 21 of each ac-

cumulator. Branches 14° conneet with the
~riser-pipes 16, and branches 14° connect with
the riser - pipes 16*. Branches 14% connect:

with the blowers or pumping-engines 31, and

 branches 14¢are also connected to said blow-
ers or engines, so that by proper manipula-

cumulators or from the accumulators into

the dock members or between the twocham- |

- bers of the accumulators. The high-pres-
sure pump 33 is connected by pipes 33* 83" to.

50

55

~ bers in the entire system.
__________ 6o The docking member could

................................................
Rk Rt ST T L P L o

..a simple eylindrical air-ltank

two of the branches—as, for example, to the
branches 14¢ on opposite sides of controlling-
valves 30 therein-—so that air can be pumped
by the high-pressure pump 33 in any desired

- tion of the valves in said pipes the blowers
or engines can be run in either direction to |
force air from the dock members into the ac--

direction. Therefore by manipulating the

proper valves it is practicable to make such
 pipe connections that the flow of air can be
. directed or forced between any two air-cham-

air delivered at proper pressure from any

source, as a power-driven air-compressor or

.................

vide the necessary pressure; but such use of
compressed air would be wasteful; as the en-
tire volume of air and the power exerted to

compress it would be lost at each operation.

weighted to pro-

| ber.

| In lieu of methods of such crude and extrava-.
-gant-character and in-order-to-realize -the ... ...
‘oreatest attainable economy under my pres-.

‘ent invention I employ a system of differen-

tiating the air-pressures in the working of
the dock and of the accumulator by whichit

;_is:actuated,__Wh'efl'geby_the.loss of power is as
nearly -as may be reduced to a minimum,

which is merely sufficient to overcome the

friction of the apparatus.

or in the accumulator,
after to be described. S
The accumulator 18, by which air under

pressure is provided for the elevation of the

docking member, is shown in the drawings as

acylindrical open-bottomed vessel, risingand

This economy is
‘effected by the employment of a differentiat-
ing chamber or chambers either in the dock
or in both, as herein-

falling in water contained in a steel tank 19,

ing a load of water, an internal open - bot-

and having an upper chamber 20 for contain-

tomed differentiating air-chamber 21, sub-

stantially in the form of a frustum of an in-

00

verted cone, and an annular open-bottomed

air-chamber 22, surrounding the differentiat-

and is attached atits outer edgeto a sti

part or ring formed at the top of the

| ingair-chamber. Thelower wall of the load-
chamber 20 is formed by a suspended dia-
phragm 23,which is in a curve of equilibrium

100

depressed in cases where the diaphragm 1s

convex on its upper side. T'he accumulator--
tank 19 is provided with suitable guide-
framing 24, forming ways for guide-wheels 2o
on the acecumulator, and is in this instance
' shown as located at a higher elevation than

o5

the docking member. It may, however, be

A branch pipe 26 leads from one

| placed in any other desired relation thereto, -
‘and where it is economical to sc locate it the
‘accumulator may work in the same body of 110
‘water as the docking member.

of the air

connecting-pipes 14 of the docking member

A into a eentral hood 27, which opens into
| | - _ 15

cumulator and passes through the load-cham- -

“ber 20, and said hood 18 also connected with =

the differentiating air-chamber 21 of the ac-

the chamber 21 by pipes 23, which extend to |

the periphery of the diaphragm 23, so as to -
enable all the air in the differentiating air-
chamber to be withdrawn therefrom. A
‘branch pipe 29 extends from -another of the -
air connecting-pipes 14, which leads into the -

120

outer air-chamber 8* of the docking member '

‘into an annular air-chamber 22, terminating:
by an open end above the wate r-level therein. -

The .system of pipes, as hereinbefore de-

scribed, is controlled by valves 30, (indicated ™
in Fig. 1,) so that communication may be
opened and closed between the air-chambers .

....................................................................................
..............................................
............................................
.........................................................
..........................................

of the accuomulator and all or any one or

more of the air-chambers of the docking mem-

“The operation of the dock may be clearly |

8o

| 95
fened
| _ outer
annularair-chamber22. This form dispenses
with the mushroom which is necessary to sup-
port the diaphragm when the accumulatoris
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. uude1stood by 1efeleucc to I‘lﬂ*s 3 a,nd 4

- o Fig. 4 shows the apparatus 1cady for docking
- ,vessels, and Fig. 3 shows the vessel dook:ed-

: - thereby. To lowcr the dock, air is exhausted |
‘from the chambers of the dockluﬂ‘ member

- IO

“as much as posmble the air is transferred
~ from the docking member to the accumulator,
‘where it enters both the inner chamber 21 and

... 20

35

40

50
- _'of rclatwclysmall dlameter and great height,

cumulator,

and its buoyancy ther eby reduced 20 that it

wasteful of power.

the outer chamber 2

the dock aud the accumu]utm

Fl“

ing, as shown in Fig. 4, the main body of the

- air charge is. contamed within the chambcrj:tmnately to the depth of immersion of the

| dock and the consequent weight. of water im-
or nearly at, atmosphcrlo pressure and ex- | posed thereon. |
The differentiation of the dlﬂfcreutlatmﬂ‘-f R
po-f_@ o

21, and thc air in the outer chambcr 22 is aft,

~erts little or no lifting force, and the con- |

stant load of the accumulator 18 supported

- pressed air from the inner chamber only, the :
figure of displacement beinga truncated cone

~ sothat the working air- -pressure is mammum

. the surfa,ce of contact or pressure between. the i
airin said chamber and the water, beinginthe
lower partof the cone, is of minimumn ar ea, and

e
~  the head thereon or the depression of smd SUr-

- face below the free surface of the water with-

out thc accumulator in which it floats being di

6o

. versearea thereof overcoming the maximum
- 1681stauce of thc dockmn' mcmber aud caus-

1]1(‘3.-"&11)1111]1

1ing it to rise.

“ If the air crhaustedj

2 and exerts its pressure. -
and lifting force on thc entire upper surface’

~ of the accumulator the constant weight of

- which is at such tlme supported by sald.

- pressure over its entire area, or, to change the
‘mode of expression, by thc dlspla,ccment of
‘water from both of tho chambers of the ac- .
‘While the accumuldtor is as- |
cending, thc1 efore, the alr -pressmc in its:
chambers is at the desired minimum, and the
figure of displacement in cquﬂlbuum with |
the- load is of the largest diameter and area
- and the least depth, ‘and the air- -pressure is -
. therefore minimum. Afterthe docking mem-:
ber has descended to the position shown in
Fig. 4 the valves (301113101111]*3' the air-pipes
are closed, so that no air can pass. between :
At thistime |
the energy necessarily lost in opelatmﬂ' the-
apparatusis replaced, the accumulator being
stored with energy: by pumping the air from; |
- its outer annular chamber 22

~ conical dif
in

“into its inner
‘erentiating- chamber 21, as shown -
o 4, the operatm mampulcttmﬂ' the

~ proper valves in the alr-conduits, so that the
chambers will be connected and air can be
:pumocd as &foresald When read3 for dock-:

| chamber, |
by the d1splacement of water by the com- | sitein cﬁect to the variation due to thc depth
of immersion of the dock and is designed to -
| facilitate keeping the desired umform or.

| nearly uniform difference in pressure be-

‘the ascending accumulator

As the docking membc1 11=;es'f o
.by transferral of air from the accumulator
the latter descends, and as it descends the.
pressure-surface, rising within the conical
_dlﬁorcutmtmw-chambcr becomes constantly

; larger and the air-pressure cor respondingly :
-~ will sink and rest upon thc bottom in the po- |

. “sition shown in Fig. 4
~ from the dockmn* mcmbm were discharged
into the atmOSphcrc the apparatus would be

7:5,;2 '

-lowcr for the reason that it is due to a con-
stant weight imposed upon a ooutmuously-
i inereasing surface, the pressure- -surface rls-j D

| ing W1th1n the conc and its area increasing, -
T'o conserve the energy

75

and the head thereon conscquently decrea%—; |

| ing, and, further, because the air confined in
the annular outel chamber 22 of the accumu- 80
| lator (which was 0110‘111&11}7 at or near atmos-
pheric pressure) increases in pressure as the
accumulator descends, thus supporting a
larger portion of the loa,d and correspond-é
_._mfrly relieving the pressure in the dl ”fcrcn-@

-;tmtmﬂ‘ chambcl

Ilm’pwpel"IY-dcqwucd dlffclentlal uccumu! D

pressure in the chambers of tho elevated

-_dockmﬂ‘ member, as hereinafter explained.

-latm the air-pressure in the outer annular
chamber 22 never becomes as great as the

9

Where as in thc instance shown, a d1ffe1- AR

ential chambcl (one or more) is employcd in-
the docking membel the pressure in said dif-
':fercutlatluﬂ*—chamber increases with the de-

rises until it becomes oreater than the

95
gree or dcpth of immersion in the water in DR
-Whlch the dock member floats, so that as the
‘dock descends the. pressure in said chamber
pres-

‘sure in the d1ffcreut1at1nfr chamber in the

10C
‘depressed pneumatic accumula,tor and airis

transferred from the dockmﬂ* mcmbcr to the_-_%_ j o

accumulator

The variation of prcssurc in the dOCle“‘ R

| mcmber is due primarily to the fact that
-when the dock is depressed, so that the work- ._
‘ing deck issubmerged, the water on the deck - R
|18 carried by the air-pr cssure in the air-cham-
| ber and raises the pressure therein propor- o
T10.

as shown in the drawings, is op

tween the descending docking mcmbel and T

120 -

To effect. the lowering of thcdockmﬂ‘ mem-

| j"bel and return all of the air from lhe cham- o

bers thereof to the accumulator with the least

expenditurein power in readiness forthe next

upward traverse of the docking member, the
~When it is desired to raise thc__ {

dock, the valves in the connecting-pipes 14 14#
140 14‘* between the differentiating-chamber of
- theaccumulatorand the cha mbel sof the dock-
ing members are opened and the high pres-
- sure is transmitted to the air- chambers of the

‘125
operation is the reverse of that above de-
scribed. 'When the docking member is to be
| lowered aud 18 thereby to raise the accumu-
| lator, the outer air-chambers of the docking
-_member as: hercmafter set, forth, are con-

| mected with the annular outcr alr- cham ber 21 I

docking member, acting over the entire traus—&-;[of the accumulator the pressure in which is S .
lower than in the counectod chambers 8% of =

: the dock as bcfore dcsorlbed, und the d1ﬁfe1-§ : .



815,440

entlatmfr chambel 21 of the aeeumulatm is
eonneeted with the chambers 3
ing member by opening the valves control-

. ling the pipes 14" and 14* to connect the outer

[O

20

25

ehambers of the docking and accumulator
members and those contr 01111]0' the plpes 14°
and 14' to connect theirinner ohambew The

pressure from the docking member being now

exerted over the entire area of pressure-sur- |
creasing the load borne on and the air-pres-

sure in the chambers of the dock, while the
air, which expands or passes flom the dock-
| chambers 3* into the annular chamber 22 of
‘the accumulator, will expel water therefrom,
‘take and beara couesPondmﬂ' part of the -
load theretofore borne by the inner chambm

face in the accumulator, the figure of dis-
placement thereof being of the greatest di-
ameter and least depth, the pressure-surface
or surface of contact within the accumulator
of the compressed air and the water being of

“maximum area, and the head or deplusmon
of said sarface below the free level of the wa-

ter without theaccumulator, in whichit floats,
being minimum, the resultmn‘ pressure is less
in the aeeumulatm than when the entire
weight of the aceumulator was supported on
the air in its conical dif
only In such case the

igure of dl‘%placement

is of minimum diameter and oreatest depth,

the unbalanced pressme-surface or surface

of contact of the compressed air and water

within said chamber being of minimum area,

and the ‘“head” or depression of said surface

- below the free water-surface is a maximum

20

and the pressure consequently a maximum,
as above set forth. The docking member de-

~ scends, and as it descends the pressure in the

35

~Jator when elevated
therein being cmnpensated by the higher:

chambel s of the dock connected with the dif-
ferentiating-chamber of the accumuiator in-

Creases un‘ul it approximates as nearly as

may be the original pressure in the accumus-
the fall of pressure

pressureln the outer annular chamber 22 and

representing directly the frictional and other
40

losses necessarily incurred in operating the
dock. At every operation of the docking
member this loss must be eompensated for by

- the application of power, and the most con-

50
55
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 vated and the accumulator depressed the con-
- ditions of equilibrinm can be disturbed and

motion instituted by connecting one or other
of the air-chambers of the doek—-wsa;}f the
outer chamber 8*—with the outer chamber 22
of the accumulator, whereupon air will" ex-
pand from the connected dock- -chamber into

venient time for effecting this replacement of
loss is when the accumulator is elevated. At
such time therefore the valves controlling the
pipes 14° and 14 are so manipulated that a
power-driven pump or blower 31, Kig. 1, con-
nected with the system of plpes 14 may be

put into action and the air pumped through
ald pipes from the outer annular chambel

2 of the accumulator into the differentiat-
ing-chamber 21 thereof, thereby restoring the
ouﬂ‘mal conditions of pressure and makmﬂ"-

reddy for another operatlon of the dockmﬂ'

‘member. |
- As before stated, p1essu1e in the oute1 a,n-_
qnular chamber 22 never equals the pressure
in the air-chambers of the elevated docking |
Therefore when the dock is ele-

member.

S of the dock-

8, increasing the air plessme thereln.
dock will settle and water, in contnmally—m-

-higher.

‘erentiating-chamber

| Lhe anuulal aceumula,tm chamniber, the air-

pressure 1n said dock-chamber WIH be re-

‘duced and its buoyancy or lifting power cor-
‘respondingly diminished, and a greater por-
| tion of the weight of the dock and ship will

702

be thrown on the remaining dock- chambers

The

creasing depth, will cover 1ts top, furtherin- .

So

21, cause a corresponding reduction of air-

-pressme therein, and float the accumulator
‘Thus it Wﬂl be seen that the pres-
| sure in the inner differentiating-chamber 21

of the accumulator is steadily dlmmlbhed as

the accumulator ascends, and as the dock de-
90

scends the pressure in its ehambeis S is stead-

‘ily inereased until it exceeds the pressure in
the inner differentiating-chamber of the QC-
“cumulator, when air can flow from the dock-
“chambers to the inner differentiating- -cham-
95

It will also be seen that as the dock descends

ber of the accumulator if they be: connected

its power to lift the accumulator is cumula-

tive proportionately to its depth of immer-
sion, and that there will be complete trans-

ference of air between the two thus render ed

possible, and the losses of working compen-

sated for by power a,pplled agabove desel ibed,

while the accumulator is eleva,ted It will be

obvious to those skilled in the art that the

power could be rL[:)phed at other times and-
that the sequence of operation admws of con-
_mder&ble variation.

W hile the construction and mode of 0]_361&-

'tlon substantially as above described are the
preferred ones and will attain the maximum

economy, such economy may beapp roximated

100

105

ITO

without the use of a chffelentlatmﬁ'—ehambel -

in the docking member by smtably propor-
tioning the chambel 21 of the acecumulatoror

bya contmueus operation of the blower while
| the movement of the docking member is be-
ing made, the deficiency in power being thus

Supphed by a continuous instead of an mtel-

II-5: :.

mittent run. Differentiating-chambersinthe
docking membels may thelefme be omitted
:wmhout departure from the essential and gov-
erning features of my invention, and 1t wﬂl
| also be obvious that the outer annular cham-

120

ber of the accumulator might be dispensed .

with by imposing iner eased du‘ry 011 the pump
-or blower. - -

The relative: plessmes m*e mdmated dia-
frlammatlcally in Fig. 8. When the docking

125

membet is at its lowest point and it is de

sired to raise it, it is evident that the.air must
be delivered to it at a pressure sufficient to
displace water from the air-chambers in suf-

130

i ficient volume to overcome the dead-weight
| of the docking membel :zmd eause 1t to rise
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' untll the keel and bﬂne blocks of the WOlk- -.

' - ing deck come in. eentaet with the vessel to

be docked.
- whichthefu 11 inclined lineindicates the ework-
Ingpresguresinthedockingmember. Thedot-
ted line above the full in ehned line indicates pendently. -

the pressure in the accumulator, which raises |

This is illustrated in Kig. 8, in

- the docking member in the deseent of the ac-

10

tor, and the lines from top to bottom the air-

- pressures in feet of water per unit of area.

20

e

. _.35

It will be observed that the lower tlmber-_
section 11 of the docking member sets out of
Jline with the upper steel portion of the strue--
- ture, as best seen in Fig. 7, and the lower |
- part of the air- ehamber Wlthm the tlmbel: {
~ portion is enlarged in horizontal area, so that |
“when the deck of the dock is being raised out

without increasing the head and this com-

‘otherwise occur when the Vessel on the dock- |

‘ing member is raised out of the water, and |

later the increase in pressure as the working

o platform is raised out of the Watel giving

- the smooth line of variation of pressure in-

~stead of a ragged line, as indicated by the

| - broken t1lang1e benea,th 1t as Would othel-'
TS

Wlse be the case.

In Fig. 1 the doekmn' membele, accumu-

o lators, and pipe eonnectlone are shown in du-
- plicate, there being an independent valve

50

60

- connection between the outer chamber of each
accumulator and the ad jacent docking-mem-

ber section and between the dlffelentmtmm

chamber of each accumulator and each of the;'
‘inner (in this case mfferenblatmﬂ') chambers
- oftheadjacentdocking-member section. The
, which . operate the pumps or blow-
- ers 31, are ‘shown in duplicate, and the con-
o ;neetmﬂ'-plpes are valve-controlled, as indi-
~ cated, so that communication can be estab-
:11shed between any two parts of the system.

55

engines 82

A small hwh preeeme pump E::S 18 prowded

plped to any palt

tion of the doclk can be e

~ chamber 20 and a pump to restore the load

thereto, the coek ::md pump 11013 bemg 111us-- |

trated. o
In docking emell or 1ﬂht Veeeels it will be

unnecessary to employ the entire power and
o _only SO many of the alr ehe,mbels asare reqm- |

| being idle.

j f.;rlﬂ‘ldlty |

Ib Wlll be ebwoub how-.
ever, that should it be so desired the opera-
fected by varying
o the load of the accumulator, a cock being
- provided to drain the water out of the load- |

~which mesh with the

nizing shafts can be disconnected and the two

5Slte need: be used the 1ema,1mnu' ehembels
When short vessels are to be
| i"doeked the central couplings of the synehro-- 70

Ssections of the docking member used mde-;'_

‘The parts necessary to insure the prepel_

_ ;.funetmnmﬂ'of the docking member are so dis-
cumulator by the transfer of air from the

latter to the former, and the dotted line be-
low the full 1nclmed line indicates the pres-
‘sure in the accumulator while it is being.
- raised by the descending dock. The llnes
~ from right to left indicate the ver tICELl move--
‘ment of the doekmﬂ' member and accumula-

tions 35 comparatively free from movement. -
" The only further stiffening member neces-

|'sary or desirable is the 1011911311(1111&1 central -
| truss 34, which takes the Wewht delivered by
of the water the surface of eontact between |
-the eompressed air and the water within the
‘dock is depressed into such enlarged portion
~ of the air-chamber, and said horizontal en-
- largement thereof, when filled with alir, in-

. 13-0_

75
posed as to form elements of the trusses es- IEEEE
sential to give proper structural strength and =~
"The’ shells of the inner and outer

air-chambers are combined with the floor-
| plates and with chord members 35 at their
lower edges and act as webs of girders, the
floor and bottom membels aetmﬂ‘ as ﬂano‘e
| members. o |
- The shells of the ehambels 8 serve as a stiff-
ening-truss which gathers up the strain on
|:the floor and dehvels it-to the frames carry- .
ingtheracks 3 by means of short plate connee-

SQ;

90.

| the keel of the vessel and transm1ts it to the
| members before referred to.
tion of the structure is suitably trussed and
connected with the steelwork, and the racks
| 3 are framed together lontrltudm&llyg twoand
creases the dleplaeement and the buoy aucy: | §tw0 in bents to stiffen Lhem \vlthout ineuar- .
| | ;unn* tempelature strains. o
‘pensates for the fall i in pr essme which would |

"The timber por- =~

05

I claim as my 111vent10n and desne to 86 L

.'cule by Letters Patent— _
‘1. Inadry-dock, the combination of a doel{a; SN
;'mn* member having a downwardly-decreasing g
open-bottomed air-chamber, and a working. SRR
deck adapted to receive a vessel and the sup-
ports for the same, esynchronumﬂ*appmatue | 5
a movable balance member having an open- .~
| bottomed air-chamber, and valve- controlled SRR
“air-conduits conneetmﬂ' the air ehembels of ap
the docking and balance members, -
20 Ina dry-doek the combination of a mov-

100

105

| 110
:a,ble docking member, having an open-bot- =
tomed air- ehamber and a working deck adapt-
ed to receive a vessel and the eupports forthe
same, racks on the docking member, parallel
_raeke on fixed supports, synehromnnmshqfte |
carrying pinions which mesh with the paral-
Iel rack:s, a pneumatic accumulator or bal-
ance member, having awelght-chambel and
a downwar dly-dem easing openhbottomed air-
chamber, air-conduits connecting the air- -
jcha,mbels of the docking and balenee mem-~ | .

_ ;bele and valves controllingsaid air-conduits.

120 .-

In a dry-dock, the combination of sec-

rtlonel movable docking members, each hav- ==
ing a working deck adapted to receive a ves- | |
sel and the suppmts for the same, parallel
racks on each section of said members, similar -

125

racks on fixed supports parallel to the racks .

~on the sections of the docking member, sec-
tional shafts corresponding W1th the sections :
~of the docking memberand carrying pinions .
parallel racks on the -

130

~docking member, and on the fixed supports,
:cmd detachable eouphnﬂ*e on the adJaeent R

115



ends of the seetlons of sald shafts, wher eby
the sections of the docking membere may be

operated either mdependently for docking

two small vessels or as a umt for doekm a |

- single large vessel.

4 Ina dry-doolc theoombmatlou of a dock- '

ing member composed of oné or 1more open-
bottomed air-chambers, and a working deck
or platform suppmted thereon,. edepted to
receive and support.a vessel, a pneumetle ac-

cumulator having a di: Et“erentlal open - bot-
tomed mr-ohember‘ the horizontal eross-sec-.

tional area of said ohamber deoreasmﬂ* from

its top toward its open bottom, and air-con-

duits for connecting the air- ehambers of the
docking member and the accumulator.
5. Inadry-dock, the combination of a dook-
ing member provided with one or more open-
bottomed air-chambers and a working deck

or platform supported thereon and edeptedf

to receive and support a vessel, a pneumatic
accumulator having an inner dlﬁelentlatlnm

chamber central in an outer chamber, end_
air-conduits for connecting the alr-ehambere

of the docking member and the aceumulator.

6. Ina dry-dook the combination of a work-
ing deck or platform, and a series of inner dif-
ferentmtmn' downwardly-opening air-cham-

“bers;each neerly concentricwithanou ter wall"

of a main air-chamber.

7. Inadry-dock, the oombmatlon of a dook- __

ing member oomposed of one or more open-
bottomed air-chambers, and a working deck

or platform supported thereon a pneumatlo_
eooumoletorha,vmfredlﬂ:'erentml eu*-—oha,mber-.

of ] 111@1"eesuw tmnsveree eeotwn from its bot—

....................................................................................................................

neotlone between emd diff erentlatmw
chamber and en air- ohamber of the dookmﬂ*
member.

8. Inadry- dook the oombnmtion of a dock-

ing member composed of one or more differ-
entletmﬂ‘ alr - chambers, each of increasing

tianeveree section from its bottom toward its
top, and a working deck or platform supported
thereon, a pneumatlo accumulator having a |
increasing |
| the dookmﬂ' members may traverse through

d1fferent1a,tmw air - ohamber of
transverse seotlon from its bottom toward lte

top,and valve-controlled connections between
the chambers of the eoeumuletor end dooknm -

member. |
9. Inadry- dock, the combmetlon of adock-

ing member composed of one or more open-

bottomed alr-chambers and a working deck

or platform supported thereon, a pneumatlo-

accumulator having a dlﬂferentlatmfr air-
chamberof mor'eaemﬂseotlon from its bottom

toward its top, Va,lve controlled connections

between said dlﬂ:'erentlatmfr air-chamber and
an air-chamber of the dookmﬂ* member, and
anair-compressoradapted to delwer alir under
pressure to said differentiating air-chamber.
10. Inadry-dock,the oombmetlon ofadock-

ing member composed of one or more open- -

bottomed air-chambers, and a working deck
or platform supported thereon, a pneumetw
eooumul&tor hewnn‘

~of the docking member. - |
- 111w edry-dook the oombmatmn ofa.dook-
ing-member composed of one or more open-

...........................................................................

.‘Etll‘ |

racks fixed to said. piers, racks
docking members

a d1ﬂ erentmtmﬂ* eu' )

oha,m berofin creasin g tmnsveree seotlon fromf_

‘its bottom toward its top, and an independent
| air-chamber,valve-controlled connections be-
tween said d11ferent1atmn' air-chamber and
an air-chamber of the doohmﬂ member, and

valve - controlled. oonueotmns between said

70

1ndependent air-chamber and an alr ohamber-

750

bottomed air-chambers, and a working deck

or platform supomted thereon a pueumetlo;” o
- 80

accumulator
-ohamber of

having a di Terentmtmcf air-

moreaeme‘ fransverse seetlon'

from its bottom toward its top, and an inde-

-pendent air-chamber, valve-controlled con-
nections between sald differentiating air-
chamber and an air-chamber of the dookmrf '
‘member, valve-controlled connections be-'

tween said independent air-chamber and an
air-chamber of the docking member and an

“air-compressor adapted to transfer air be-
tween the differentiating and the independ-
ent air-chamber of the aeoumulatm |

~ 12. Inadry-dock,the combination of a dock-

ing member composed of a plumhty of open-
| bottomed alr-chambers, one or more of which

s dlﬁerentmtmﬂ* or of mereasmﬂ* tra;nsverse

its top, and an independent air-chamber,

90 |

a Worklnﬂ* deok or platform eup ported on said

-air- eha,mber-'sj a pneumatic accumulator hav-
-ing a differentiating air-chamber of increas-
ing transverse seotlon from its bottom toward

100

valve-controlled connections between the .111‘ -

ferentiating air-chamber of the accumulator

ing member, and valve-controlled connec-

13. In a dly-dooL the oombmatlon of tw

docking members, located end to end ea,oh
-eomposed of one or more open- bottomed air- -

-.and adifferentiating air-chamberof the docke i
105

; tlons between the mdependent air-chamber -
of the accumulator and an. air- ehamber of
‘the docking member.

110

chambers and a working deck or platform

supported thereon, two parallel lines of fixed

guiding structures or piers between which

their entlre range -of - vertical movement

i

of each docking member}

ixed to the

synohtommnmshefte in-"
terposed between the racks of the piers and

gears fixed upon:
said shafts and engaging emd racks, and de-
‘tachable oouphnﬂ‘e by which the eynoln*omz—: o
‘ing-shafts of the two docking members may
‘be connected and dlsoonneoted on each side

‘thereof, to admit of the mdependent opera-
“tion of ea,ld docking members, for doecking

115
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two small vessels, or “heir joint operatmn for -

dookme a single large vessel.

14. In a dry-dock, the combination of a

‘metal dookmﬂ' member shell in the form of a

series of con neeted segments of cylinders,con-
nected by t1=eneverse frame members chord
‘members connected to the lower portlons of
the shell a metel roof oonneoted to the top of_ .




o ' 'the shell and & tlmbel deek or platfm m eon-;
B neeted to said roof. |

~and a lower timber-section, the metal dock-'=
ing member being floatable to a height suffi-

10 cient to be accesmble for pamtmﬂ'and repairs.

- said shell, a metal roof connected to the top |

tomed air- ch:zbmbel

15. In a dry- doek the eombmamon Of

metal docking membel having an open- bot—;
a kalm deck or plat- |
form supported theleon and adapted to re-

ceive a vessel and the supports for the same,

16. In a dry-dock, the combination of a

. metal doekmﬂ-membel shell forming a series |
- of open- -bottomed air-chambers, tlansver%e'
~ frame members connected to said Shell chord |
members connected to the lower portlons of |

of sald shell and a 10Wer t1mbe1 sectwn eon-, -

| nected to lhe bottom of said shell and set out
| of line with or plo,]ectmfr beyond the sqdesg |
_theleof | :

17. Inadry- doeL the combination ofa mov-

“able docking membel having an open-bot-
tomed air- chambel |

a longitudinal central
frame member therein a,nd inner differentiat-
ing open-bottomed air- “ch ambers,each for med?'_
in cylmdlleal segments dlsposed symmetric-
ally on opposite 51des of, and umted to the .

_10nfr1tndmal member,

LHAUNOEY N DUTTO\T
\Vltnesses
- . F.C. NOBLE |
- JuLes P. Mr JTZGER:. o
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