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5—DEEP-SEA EXPLORATION: A GENERAL DESCRIPTION OF THE
STEAMER ALBATROSS, HER APPLIANCES AND METHODS.

By Z. L. TANNER, Commander, United States Navy.

INTRODUCTION.

Barly in September, 1880, immediately after the return of the U. S. Fish Com-
mission steamer Fish Hawk from her initial trip off shore, to the region subsequently
known as the Gulf-stream slope, Prof. S. F. Baird was impressed with the necessity of
a larger vessel for deep-sea investigations. The remarkable results of the Fish Hawk’s
operations, though limited to depths of a few hundred fathoms, convinced him that his
investigations should be extended into more remote and deeper waters.

In discussing the subject with the writer he remarked, in effect, that the profit-
able study of useful sea fishes could not be prosecuted without a knowledge of their
food, the food of their food, their respective friends and foes, the habitat of the sev-
eral species, and their means of passing fromn one region to another in the embryonic
as well as the adult stage; the temperatures, currents, and specific gravity of the
waters of the ocean should be studied in contection with the migratory habits of
pelagic forms, hence investigations must be extended seaward wherever life exists,
until a complete history of both the economical and contributory species is obtained.
To prosecute these researches a sea-going steamer, specially constructed and equipped
to carry on this work, was an absolute necessity.

Subsequent off-shore trips made by the Fish Hawk further convinced him of the
importance of having a larger ship. The subject was frequently under discussion,
and a few months later he requested the writer to make general plans and estimates for
the construction and equipment of a thoroughly seaworthy steamer, capable of making
extended cruises and working with dredge and trawl in all depths to 3,000 fathoms.

A rough plan was accordingly prepared, showing the type of vessel contemplated,
and distribution of weights and spaces, from which the final designs were made by
the late Charles W. Copeland, an eminent marine architect and ‘engineer, of New
York. After the usual competitive bids required for Government work, the contract
was awarded to the Pusey & Jones Company, of Wilmington, Del., in' March, 1882,
for the sum of $145,800, exclusive of outfit and special equipment, which cost an addi-
tional $45,000. She was launched August 19,1882, was christened the Albatross, and
went into commission on the 11th of the following November.

The writer was ordered to superintend her construction in addition to his duties
a8 commanding officer of the Fish Hawk. Passed Assistant Engineer George W.
Baird, United States Navy, superintended the construction of machinery and also had
general supervision of all work in the absence of the writer. He rendered efficient

Service in devising and perfecting many novel mechanical appliances with which the
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vessel was provided, and was subsequently ordered as chief engineer, his cruise
extending over the unusual period of five years.

The writer assumed command November 11, 1882, and was detached May 1, 1894,
having made a continuous cruise of eleven and a half years.

This publication is essentially a revision and extension of the ‘“Report on the
construction and outfit of the U. 8. Fish Commission steamer Albatross, 1883,” and
was undertaken at the instance of the late Commissioner, Marshall McDonald, who
was desirous that the experience of the writer in deep-sea exploration, extending over a
period of fifteen years, should be made available in a convenient form. Itcomprisesan
account of the important changes in appliances and improvement in methods, treating
the several branches in detail, with a view of furnishing to the beginner such informa-
tion as would have been most valuable to the writer when he first took up the work.

Brief historical sketches are given of the development of physical and biological
researches during the last half century leading up through the evolutionary stages to
the present time, and finally illustrating the modern science of deep-sea investigation
as practiced on board the Albatross.

A change in the arrangement of fire-room and coal bunkers followed the installa-
tion of new boilers of a different type from those originally in the vessel; the ventilating
apparatus has been much improved; ingeniously constructed counter balances have
been applied to the main engines; and the maneuvering qualities of the vessel are
much improved by the introduction of pneumatic annunciators which enable the officer
on the bridge to observe the movements of the engines by reference to a conveniently
placed dial and pointer. The old cast-iron propellers have been replaced by new ones
of bronze, having finer pitch and less weight; a Baird evaporator greatly improves the
quality of water distilled for drinking purposes and furnishes fresh fecd for the boilers.

The changes and additions to the scientific apparatus will be described in detail.

Acknowledgments are made to the following authorities, who have been freely

quoted:
Sir C. Wyville Thomson, *“Depths of the Sea” and “The Voyage of the

Challenger.”

Rear-Admiral G. E. Belknap, United States Navy, ¢ Hamersley’s Naval Encyclo-
pedia” and ¢“Deep-Sea Soundings in the North Pacific.”

Commander C. D. Sigsbee, United States Navy, “Deep-Sea Soundmg and
Dredging.”

Lieut. Commander Seaton Schroeder, United States Navy, and Chief Engmeer
George W. Baird, United States Navy, ¢“Report on the Construction and Equipment
of the U. 8. Fish Commission steamer Albatross.”

The late J. H. Kidder, M. D., ‘“ Report on the thermometers of the United States
Commission of Fish and Fisheries.”

Mr. O. H. Tittmann, ¢ United States Coast and Geodetic Survey Bulletin, No, 18.”

The writer would also express his indebtedness to Dr. John Murray, of l2dinburgh,
Scotland, for a specially prepared paper on the methods of recognizing marine deposits,
and to Prof. C. F. Marvin, United States ‘Weather Bureau, for a paper on the method
of correcting thermometers. . -

Special thanks are tendered to Mr. James BE. Benedict, the first resident naturalist
of the Albatross, and to Mr. C. H. Townsend, who succeeded Mr. Benedict after a
short interval, and still holds that responsible posmon, for data kindly farnished for
the chapter on the preparation and preservation of specimens.



Bull. U. S. F. C. 1896, (To face page 261.)

FIC.I. PLAN OF POOP, HOUSE 8 FORECASTLE DECKS

m DR o> <E

R

BR

25

2%

L

wfLL % ST

TR\ A9

il

0
N oy

FIG.2.

et

75 ¥ 7%

T rTeT

4 S

©)
e

i i 72 U5 & 58] : ‘
g 1 74 067” -8
—©- &)
F16.3. PLAN OF BERTH DECK
7z — - L
: 25
Hi
= QP B o =
=0 = _
2532 T : ¥ o
=2 : 79) S
- s i ) 10 Ena /
@ — l o (l m T E”’ :\"1—! i W, SCALE
3 10 is 20 2% rect
/]I' 10.4.LONGITUDINAL SECTIONAL ELEVATION \
3
30 29 ) 3 2! “ () N
28 [EAY! 43 " di N
; Z - - 3 y
93 R 1 = <F . I‘r‘
ak L ) T %@E\ P
. 0. L I
0 il {3 ‘@M @]r O 70 s | il =R, %
=| 8{0Ol@ E @ %
@%@ 13 s Em/ 0 ‘ ‘ v
,,” e 0 @ ’@" : :F:# —_—7;?:—1#\ 157 =
Y Y L : o 5
‘ : HE R :%j' i 13 7
s i §
) ! PR i 163 60 149.
} O Bttt svemven o 2 ; !!, . I__] | _ —’Jh
[H\ﬁyn””ﬂi’x TTI T T TIITTITTTITL IIIIIIIHIIIIIIUHUUUUHTE

3R

L
PLAN OF THE ALBATROSS,

Poop, house, and forecastle decks.

Forecastle.

. Wooden bitts.

Fish davit.

Steam capstan.

Hotchkiss revolving cannon.

. Iron cleats.
Top of gilot—house.

. 'l'op of deck-house.

Bridge.

. Skylight over chart-room and lab-
oratory.

‘Whaleboat.

Ten-oared cutter.

13. Standard compass.

Smokestack.

15. Ventilators to fire-room,

16. Sliylight over drum-room and gal-

oy .

[y
tH Sommsppspn

y

17. Steam gi§ {(Herreshoff).

Steam cutter (Herreshoff)
19. Engine-room skylight.
20, Dingey.
21. Poop ladders.
22. Mainmast.
23, Mainboom.
24. Bridge from poop to deck house
25, P°°¥ deck.
26. Cabin skylight.
27. Iron bitts,
28. Auxiliary steering gear.
29. Sigsbeedeep-seasounding-machine.
80. Tanner sounding-machine.

Main deck.

31. Paint locker.

32. Chain cables. .

83. Stopper for chain cables.

34. Compressor for steel-wire hawser.
85. Steam windlass,

36. Forecastle pump.

37. Lamp-room.

State-room for petty officers.
89. Water-closets.

40. Iron bitts.

41. Fore hatch.

42. Dredging engine.

43. Dredging boom.

44. Dredge rope, rove for use.
45. Foremast,

46, Ship's bell.

47, Pilot-house.

48, SteerinF gear, hand and steam.
49. Binnacle.

60. Signal locker.

51. Deck lights.

62. Chart-room.

53. Steam heater.

64. Chart table.

55. Chronometer box and lonnge.
56. Berth.

67. Bunker plate and coal-chute.
58. gpper laboratory.

. Hatch tolower (ormain)laboratory.
60. Work table for naturalists.
Chemical case for preservative

mixtures.

62. Bookease; soientific library.

63. Sink.

64, Steam heater.

65. Naturalist’s state-rooms.

66. Berth.

67. Washstand.

68. Bureau.

69. Steam drum.

70. Ash-chute.

71. Baird's evaporator.

72, Exhaust fane for ventilating the
vessel.

76, Upper engine-room.

77. Iron bitts.

78. Ward-room companion-way.
79, Ward-room skylight.

80. Commanding officer’s cabin.
81. Cabin pantry.
Commanding ofticer’s office.
83. State-room.

24. Berth.

85. Bureau.

86. Washstand,

87. Lounge.

Sideboard.

89, Table.

PLATE Il

90. Steam heater.
91. Bath-room.
92, Rudder head.
93. Water tank.
84, China closet.
95, Linen closet.

Berth deck.

06. Yeoman's store-room.
87. Yore passage.
98. Dredging store-room.
99. Brig.
100. Chain pipes leading to lockers.
101. Collision bulkhead.
102, Hatch to ice box.
103, Air port.
104, Bag rack.
105, Hatch to mainhold.
106. Steam heater.
107. Reeling engine.
108. Governor.
100. Steerage.
110. Steerage state-rooma.
111. Berth.
112. Bureau.
113. Washstand.
114. Table.
115. Qpen pantry.
116. Water-tight iron bulkhead.
117. Lower (or main) laboratory.
118. Lockers with movable trays for
specimens,
119, Ladder to laboratory store-room.
120. Photographer’s dark room.
121. Table.

. Dispensary.

. Coal-chute.

. Air ports.

. Coal-bunkers.

Boilers.

. Oil-tunks.

. Iron floor grating.

. Main engines.

. Dynamoandengine(Edisonsystem).
ard-room companion stairs.

. Ward-room pantry.

. State-room.

. Burean.

. Waghstand.

. Berth.

187. Ward-room.

. Table and water-tight doors,

. Steam heater.

. Lounge.

. Iron water-tight deck.

. Bath -room.

. Cabin store-room.
uadrant-room.
entilating pipe.

146. Quadrant of rudder.

Holds.

. Magaziue.

. Magazine passage.

149, Fore Yeak.

150. Ventilating pipe with branches.

. Keelson,

. Keel,

153, Chain lockers.

154, Collision bulkhead.

155. Ice bex.

. Cold-room.

. Main hold.

. Lower hold.

159, Steel-wire hawser and reel.

160, Store-room.

161, Fresh-water tanks.

. Water-tight iron bulkhead.

. Laboratory store-room.

. Ballast and sinkers.

. Water-tight iron bulkhead.

. Uptake.

. Boiler leg.

. Iire-room.

. Lower engine.room.

. Water-tight iron bulkhead.

. Ward-room, store-room, and shaft
alleys.

. Water-tight iron bulkhead.

. Paymaster’s store-room.

. Equipment and navigation store
room.

. Propeller shaft.

. A-frame for propeller shaft.

. Propeller.

178, Rudder,

179, Rudder chains.
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THE ALBATROSS: HER DIMENSIONS, GENERAL DESIGN, AND METHOD
OF CONSTRUCTION.

The Albatress is an.iron twin-screw steamer constructed in accordance with
. Lloyd’s rules for vessels of her class, except where extra strength and protection were
given her in view of the severe strains and unusual exposure to which she would be
subjected in the prosecution of her special work. She was built by the Pusey & Jones
Company, of Wilmington, Del., launched August 19, 1882, and went into commission
“on the 11th of the following November.
Her general dimensions are as follows:

Length over all, 234 feet. Sheer aft, 3 feet.

Length at 12-foot water-line, 200 feet. Height of deck.house amidships, 7 fect 8

Breadth of beam, molded, 27 feet 6 inches. inches. .

Depth from top of floor to top of deck beams, | Displacement on 12-foot water-line, 1,074 tons.
16 feet 9 inches. Registered tonnage (net), 384 tons.

Sheer forward, 5 feet 2 inches.

She is rigged as a brigantine, carrying sail to a foretop-gallant sail. - The spars
are white pine and spruce.

Spars. Sails.
Name ’ Feet, |Liamoter Name Canvas. | Square
: * lin inches. . anvas. | Sf
Mainmast above main deck......... 56 20 || Mainsail....ooiiiiiiiiianniianienn..
Maintop-mast above ¢ap.......eeu.. 32 0% || Gaff-topsail ...l

Foremast above deck ....... ceal 52 21 Toresall (27-foot drop)
Toretop-mast above cap..... 30 104 || Foretrysail........o.ciiiiiiaiiaian.

Fore yard, length......... 50 11 Foretop-sail {243-fvot hoist)..........
Foretop-sail yard, lenglrth . 40 9 Foretop-gallant sail (143-foot hoist)..
Foretop-gallant yard, long . 27% 6% |1 Tore staysail

Foregafl. ..o ooeeveenann-- - 27 T4 4 Jib ool oot

Main boom ........ . 56 12§ || Flying jib ...

Main gaff.......... 36 93

Dredging Hoom «oveueennraneeeonans 36 10 Total 8ail 4X€& «evveeervnnnnnnn .-

Bowsprit, 13 inches sguare, 10 feet outboard to shoulder. Round-top on foremast. Cross-trees on mainmast.
Anchors and chains: One 1,900 pounds, 120 fathoms, 1§-inch chain; one 1,288 pounds, 120 fathoms, 1fy-inch chain;
one 1, 030 pounds; one 600 pounds; 250 fathoms Bullivant's elastic steel wire cable, 3§ inches circumference.

DETAILS OF CONSTRUCTION.

Hull: The Albatross has a “bar” keel of the best hammered iron, 8 by 2}
inches, scarfs 25 inches in length. There is one bilge keel on each side, 104 feet from
center line, parallel thereto, of two angle-irons 4 by 6 by § inches, with a Z-inch iron
plate, 16 inches deep, riveted between, 80 feet in length, tapering in depth to nothing at
each end.

The stern-post is of the best hammered iron, 74 by 24 inches; and the stem is of
the same material, 7§ by 24 inches. The frames are of angle-iron; those under the
engines and boilers 4 by 3 by % inches; forward and aft of these they are 34 by 3 by
1g inches. Frames and floor spaces, 21-inch centers.

The floors are in one piece, 18 inches deep and % inch thick for three-fifths the
vessel’s length amidships, & inch thick forward and aft. They are on every frame
extending 20 inches above top of floor amidships, molding to size of frames.
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One limber-hole is cut on each side of the center keelson. Enlarged floors with
neeessary angle-irons and strengthening plates are provided for the foundations of
the engines and boilers.

) Reverse bars: The reverse bars are of angle iron, 3 by 3 by % inches, one on every
frame extending to the stringer plate and 12 inches above the upper turn of the
bilge alternately. There are double reverse bars on all frames under the engines and
boilers, and also on the line of all keelsons, hold stringers, and bulkheads. Joints are
covered with angle-iron butt-straps, not less than 18 inches long, with three rivets in
each end.

Keelsons: On top of the reverse bars there is a center keelson, 12 by 43 inches,
beam iron, § inch thick for three-fifths the length amidships, and £ inch thick forward
and aft. On each side, S feet 8 inches from the center line, there is a keelson of two
channel bars, 74 by 24 by % inches, riveted back to back; and at the bilge on each
side a keelson of two angle irons, 6 by 3% by % inches, rlveted back to back. The
bilge keelsons conform to the shape of the ﬂoors, and the side keelsons run parallel to
the center line. There is also a cross keelson for the shaft stuffing-boxes. At a
distance of 4 feet 7 inches from the center line on each side there runs a keelson of
beam iron, 8 by 44 by § inches, riveted to the reverse bars.

Intercostal keelsons: Of these there is one of #-inch plate run on the center line,
and one of ¥-inch plate under each side kee]son extending from keel to top of floors,
well fitted between floors, and connected with bhem by an angle-iron 24 by 24 by 65
inches. Additional intercostal keelsons are placed under the engines.

Deck beams: For the main deck they are of T bulb-iron, on alternate frames,
7 by 3% by +% inches for three-fifths the vessel’s length amidships; forward and aft
they are 6 by 33 by # inches, except at the capstan and riding-bitts forward and
at hatches, where they are 8 by % inches.

Stringers : The main-deck strmgers on each side are 38 inches wide by 4 inch in

. thickness at midlength, reduced to 26 inches width at.the end. Stringers are con-
nected with sheer:strake by angle-irons, 44 by 34 by s inches, securely riveted to both
the deck beams and sheer-strake. At the foremast and mainmast there is riveted to
the deck beams a stringer plate 42 inches wide and § inch thick, long enough to cover
two beams forward and aft of the mast, securely riveted to the deck beams; through
this plate a hole for the mast is ¢ut. Similar tie-plates, covering three or four beams,
areriveted in wake of bitts, windlass, capstan, hoisting engine, and reeling engine.

Ties of main deck are run fore and aft from end to end each side of center line, at
such distance from it as to clear all hatches. They are of plate iron, 15 by & inches,
securely riveted to deck beams and to stringer plates or breast hooks at the end; butts
closely fitted and butt-straps double riveted. The width of these plates is gradually
reduced to 9 inches forward and aft.

Hold stringers are 24 inches wide by 4 inch thick at midlength, gradually reduced
to 18 inches in width at the ends, and are run fore and aft on frames at a height of
10 feet above top of floors, connected to deck beams and reverse bars by aungle-irons.
Alongside of the engines and boilers, where there are no hold-beams, these angle-irons
are doubled back to back and riveted through.

Beams of berth deck: Forward and aft of engines and boilers, and between them,
there are hold-beams of channel-iron, 6 by 2} by # inches, spaced to every alternate
frame, connected and riveted to hold stringers and frames, and kneed to frames the
same as the main-deck beams.
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Bulkheads: One collision water-tight bulkhead about 25 feet from the stem; one
at the after end of the forehold, connected by deck plates as shown on the plan;
one forward of boilers, connected by iron deck; one between the engines and boilers;
a water-tight compartment abaft the engines between the shafts, the after end
extending to the after collision bulkhead, which is at the forward end of the stern
pipes; it is attached to the cross keelson which sustains the stern pipes, and extends
to the berth deck with a plate-iron covering over the beams so as to make the after
compartment entirely water-tight; the other bulkheads extend from the floors to the
main-deck beams. Bulkheads are of & iron butt-joints; strakes run in one length
from floors to deck beams, 30 inches wide. The lap strips of joints are of T iron, 3%
by.3 by & inches; laps single-riveted with § rivets. The after collision bulkhead has
recently been extended up to the main deck. Sluice valves are provided; bilge
suction-pipes from the several compartments connect to a manifold in the engine
compartment, and each pipe has a foot valve.

Iron deck-house: The sides of the midship deck-house from the after end of the
house to the bulkhead forward of the funnel, including these two bulkheads, are of
plate iron, No. 5 wire gauge; stanchions, of 3 by 3 inches, angle-iron, spaced 24 inches
from center to center. The beams are of angle-iron, 3 by 3 by 4% inches, riveted to
stanchion and to stringer and hatch-plate below.

Plating: The plating is ran in fair lines, in and out strakes; all horizontal seams
are lapped and all vertical seams, including bulwarks, are butted; spaces between
outer strakes and frames are filled with liners of proper width and thickness.

The garboard-strake is 1§ inch thick for three-fifths its length amidships, gradually
reduced to & inch at the ends, and is 32 inches wide.

Sheer-strakes are fayed next to frames, 1§ inch thick for one-half the length
amidships, gradually reduced to -£; inch at the ends, and 38 inches wide. The upper
edge extends 34 inches above top of plank-sheer to connect bulwark plates.

Bulwark plates from sheer-strake to rail are % inch thick, well riveted to
sheer-strake and frames. Along the whole length of the upper edge of the bulwark
plates, on the outside, is run an angle-iron, 3§ by 34 by & inches, well riveted to
bulwark plates, with proper lap-strips at the butts. To this angle-iron the rail is
fastened. '

The side-strake next below the sheer-strake is 4 inch thick at midship length,
gradually reduced to % inch forward and aft. The remaining side plating is & inch
thick, except the strakes around the shaft-pipe, which are of {4 inch and are doubled,
and the bilge-strake, which is % inch thick for two-thirds the length amidships,
gradually reduced forward and aft to -&; inch.

The bottom between bilge and garboard strakes is 4 inch thick for three-fifths the
length amidships, then gradually reduced to -% inch forward and aft.

All butts of plating, keelsons, and stringers are double chain riveted, and the
longitudinal seams lapped and single riveted. All plates are long enough to cover
at least six frame spaces, except short plates at the ends; and there are at least
two strakes between butts falling between same frames, All edges and butts are
planed.

Butts of garboard strakes are at least two frame spaces apart, as also are those
of sheer strakes and deck stringers. All butts of plating are properly shifted.

Rail: The rail is of white oalk, 10} by 3% inches, let down to a fair bearing on tha
bulwark angle-iron, hook-scarfed and edge-bolted through scarfs.
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MAIN DECK (PLATE II).

Cabin (plate 111): Of the structures which rise above the main rail the poop
cabin extends 30 feet forward from the stern-post, is the whole width of the vessel,
~ and 7 feet 3 inches high from deck to deck. It contains two state-rooms, an office,
pantry, and bath-room, besides lockers, ete., and is supplied with light and air from
eleven air-ports (five on each side and one in the stern), two windows, and three doors
opening forward, and one skylight 6 by 5 feet overhead.

Deck-house: Forward of the cabin there is a clear space of 16 feet containing the
ward-room skylight, and from which the gangway ladders lead over the side. Next
comes the deck-house, 83 feet in length, 13 feet 6 inches in width, and 7 feet 3 inches
in height. It is built of iron from the funnel aft, sheathed inside and out with weod,
and fitted with iron storm-doors. From the funnel forward it is of wood, all fastenings,
nails, serews, ete., being of galvamzed iron. Beginning aft, it is divided into the
following apartments

(1) Entrance to ward-room: Six feet in length and the whole width of the house.
One window on each side furnishes light and air, and two doors opening aft give
access to the stairway leading to the ward-room below.

(2) Upper engine-room: This is 10 feet 6 inches in length and the full width of the
house. It has one door and one window on each side, a skylight 5 by 5 feet overhead,
and a stairway leading to the engine-room below. The inside wooden deors of this
room, as well as those of the kitchen and drum-room next forward, are fitted in halves,
upper and lower, so that in had weather the lower halves may be closed to keep out
the water, while the upper are open for ventilation.

(3) Kitchen: In length 8 feet, the whole width of the house, with one door and one
window on each side, and a skylight 4 by 5 feet overhead. It is furnished with a
table, fuel-boxes, lockers, dish-racks, and a lead-lined sink fitted with a pump, drawing
water from the tanks in the hold.

(4) Drum-room: This is also the entrance to the fire-room, is 20 feet in length, and
the width of the house. It is fitted with doors and windows like those of the engine-
room, has a skylight 5 by 10 feet overhead, and communicates by a stairway with the
fire-room below. As its name implies, this room contains the steam drum, which is so
designed that the funnel passes up through it, thus utilizing the heat of the escaping
products of combustion to superheat the steam. It also contains the ventilating
apparatus and Baird evaporator.

(B) State-rooms: Forward of the drum-room the wooden part of the deck-house
commences with two state-rooms, one on each side, for the members of the scientitie
corps. Bach room is 6 feet 6 inches in length, half the width of the house, and has a
door and window with blind shutters, a berth 30 inches in width, a writing-desk,
washstand, drawers, lockers, ete. Additional ventilation is secured by lattice-work
openings, outboard, and also between the rooms.

(6) Upper laboratory (plate 1v): This is 14 feet in length and the whole width of
the house. It is supplied with light and air by two windows and a door on each side
and a skylight 6 by 3 feet overhead. In the center is a conveniently arranged work
table, square in shape, around which four persons can seat themselves, each having
at his right hand a tier of drawers which form the legs of the table. There are also
two hinged side tables, a sink with alcohol and water tanks attached, wall cases for
books and apparatus, and in one corner a chemical case.
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(7) Chart-room (plate v): Immediately forward of the laboratory is the chart-
room, 8 feet 6 inches in length, the full width of the house. It has one door and
window on each side and a skylight 3 by 3 feet above, drawers for charts, ete., a berth,
washstand, lockers, bookshelves, and a transom sofa, which is also used as a chronom-
eter chest. A: door in the forward bulkhead gives access to the pilot-house,.

(8) Pilot-house: This is the next and last division of the deck-house. It is 8 feet
in length, the full width of the house, and has one door on each side. The front is
elliptical, with glass windows balanced by weights, and protected in bad weather by
strong wooden shutters hung in the same manner as the windows and fitted with

8-inch bull’s-eyes in the center.
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Cur 1.—Interior of pilot-house, steam steering engine.

The pilot-house is raised about 3 feet above the main deck and projects the same
distance above the top of the house, with which it communicates by two windows.
Suitable bell pulls and speaking tubes farnish the necessary means of communication:
with the engine-room, and instead of the ordinary ship’s wheel a Higginson’s stéam
quartermaster is used. _

Topgallant forecastle: The topgallant forecastle is 44 feet in length and 6 feet 3
inches in height between decks. On it are stowed the anchors, which are handled by
a single fish-davit amidships and a capstan which can be worked by hand or by the
steam windlass directly underneath, and just abaft the capstan is a 37 mm. Hotchkiss

revolving-cannon, mounted on a tripod.
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Underneath the forecastle are water-closets for officers and men, petty officers’
room, lamp-room, paint locker, steam windlass, and carpenter’s bench. Two scuttles
give access, one to the store-rooms, magazine, etc., forward of the collision bulkhead,
and the other to the berth deck.

Berth deck: This includes the space 40 feet aft from the collision bulkhead, and -
is 7 feet 10 inches between decks. It is supplied with light and air by the fore hatch,
fore scuttle, and by eight 8-inch air ports, four on each side. Racks for stowing bags
and hammocks are fitted along the sides; the space abaft the fore hatech is occupied
by the reeling engine, and near the forward bulkhead are two scuttles opening into
the ice boxes. i

Ice-boxes: These occupy the space in the hold 7 feet aft from the collision bulk-
head, the whole width of the ship. A strong fore and aft bulkhead amidships divides
this space into two compartments;
the sides and ends are fitted double
with an intervening air space of 4
inches, which is filled with proper
nonconducting material., The in-
~side is lined throughout with gal-
vanized iron, and, at the after

Berth deck T Hatch outboard com;ers, 1:an(1 pipes with
T ¢ 6 suitable traps drain the water into

A ~ the bilge. The capacity of the ice
c i boxes is about 3 tons each, 6 tons
F in all.
(4 _ Cold-room: The after part of
A the spaces in the ice-boxes A for
e ' 2 feet is partitioned off by an
: athwartship bulkhead to form the
.B cold-rooms or refrigerators B, to
o which access is gained by doors
which open into the forehold. Six-
[ inch openings e, at the top and
bottom of the cold-rooms, com-
{ municate with the ice-lockers A,
and a circulation of air is induced
as the warmer air of the former
rising passes above into the latter,
becomes cooled by the ice, falls and reenters the cold-rooms by the lower openings, to
become warmer again and rise as before. Rack shelves ¢ to hold whatever is desired
are fitted against the bulkheads d.

Store-rooms, magazine, brig, etc.: Forward of the berth-deck, and separated from
it by the collision bulkhead, is a fore-and-aft passageway to which access is gained
by a scuttle and stairs underneath the top-gallant forecastle.

This passage opens forward into the yeoman’s store-room, to the right into the
brig, lighted and ventilated by an 8-inch air- port and to the left into the dredging
‘store-room, similarly furnished with light and air.

Through this passage, also, the chain pipes pass down and aft, taking the chain
from the windlass to the lockers below, and from the forward end of the passage a

Ladder

Secale &= ft.

Cur 2.—Ice-boxes and cold-room.
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seuttle and stairs lead down to the magazine passage and magazine, and to the fore-
peak below them.

" Mainhold: Below the berth-deck the space from the cold-room aft is taken up by
the mainhold, steerage store-room, engineer’s store-room, bread-room, sail-room, and
water-tanks, Access is gained by a hatch directly under the fore hatch.

Steerage: Opening from the after end of the berth deck is the steerage, contdmmg
four double-berth state-rooms, 6 feet G inches in length, two on each side, and a mess-
room 13 feet in length between. - It is lighted and ventilated by an 8-inch air-port in
each room, a 12-inch ventilator cut through the deck just abaft the foremast, and the
door-opening from the berth deck. Hach reom has anupper and lower berth 30 inches
wide, a bureau, washstand, toilet racks, drawers, shelves, etc. On the forward bulk-
head of the mess-room is an open pantry.

Lower or main laboratory (plates VI and vir): Abaft the steerage, but separated
from it by a water-tight iron bulkhead, is the lower laboratory immediately helow the
upper laboratory, through which only can it be entered. This room extends quite
across the ship, is 20 feet fore and aft, 7 feet 10 inches between decks, and is furnished
with light and air by six 8-inch air-ports, two 12-inch deck-lights, and the hatch
leading above.

Ample and convenient storage cases and lockers are provided for aléohol tanks,
jars, and specimens in botties of all sizes; work tables are fitted along each side; in
the port after-corner is a photographic dark-room with a lead-lined sink and runnin g
© water; on the opposite side is a medical dispensary, and along the bulkhead between
the two is the chemical laboratory. Between the beams overhead are slings and
hooks for stowing dip nets, scoop nets, harpoons, spears, lances, and other fishing
appliances.

Laboratory store-room: A hatch and stairs lead to the store-room below, a closed
iron box, 20 feet in length and the whole width of the vessel, capable of being isolated
from the rest of the ship and filled with steam at short notice in case of fire. Here
are stowed alcohol in tanks, nets, sieves, ete., for which suitable lockers have been
provided. Below this store-room is a small space next the skin of the ship where the
ginkers used in sounding are stored.

Engine-room, fire-room, and bunker space: The engineer's department is abaft the
laboratories, and occupies 57 feet 8 inches in the hold, 47 feet 8 inches on the berth
deck, and 20 feet in the deck-house.

Ward-room (plate virx): The whole space from the laboratories aft to the ward-
room js occupied by the engines, boilers, bunkers, etc. The ward-room is 38 feet in
length, the full width of the ship, and 7 feet 10 inches in height from deck to deck.
It is lighted and ventilated by seven 8-inch air-ports on each side, a skylight 6 by 5
feet overhead, and the stairway leading to the deck above.

The space on either side of the stairway is occupied by the pantry on one side,
and the chief engineer’s room on the other; the latter communicating Ly a door with
the engine-room immediately forward. Abaft these rooms a space 13 feet in length
and the whole width of the ship is reserved for an athwartship extension table, seat-
ing, at most, twelve persons. Along the sides of this ‘space are fitted cushioned sofa
transoms.

There are four rooms on each side, the starboard after one being furnished as a
bath-room, the others containing a berth, bureau, washstand, drawers, lockers, ete.
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Two iron doors, with water-tight joints, in the ward-room floor, give access to the pay-
master’s, navigator’s, and equipment storerooms below, which are in a water-tight
compartment. A secuttle in the pantry floor leads to the ward-room store-room, also
a water-tight compartment. A door opens into a locker under the stairs.

The vessel is lighted throughout by electricity; and artificial ventilation is pro-
duced by means of exhaust fans and conduit pipes to every compartment below the
main deck.

The rudder and steering gear: The Albatross was designed to perform much of
her work stern to wind and sea, making it necessary to give unusual attention to the
rudder and its appointments. The several parts are much heavier and stronger than
usual in vessels of her size, and the appliances for controlling its movements are
more powerful than will be found in steamers of twice her tonnage.

Rudder attachments: There is a yoke, or quadrant, on the rudderstock a little
below the main-deck beams, earrying the chains to which the steel-wire tiller ropes
are connected; an iron tiller on the poop deck, and a yoke for a powerful screw
steering gear on the upper extremity of the stock, also on the poop deck. Projecting
from the rudder a little above the water line is a short tiller, to which are attached the
rudder chains ordinarily carried by steamers. '

STEAM STEERING GEAR.

The steam steering gear, known as Higginson & Co.s ‘“steam quartermaster,”
was built by the Pusey & Jones Company according to the patents and design of Mr.
Andrew Higginson, of Liverpool, England. The machine may be shifted from steam
to hand power by the motion of a clutch, and the same wheel is used for steering by
steam as by hand. Like other improved steam steerers, the valve is arranged to
reverse the engine by changing the ports, and an automatic arrangement is provided
to bring the valve to its middle position (and stop the engine) by gearing from the
engine itself.

There are three half-trunk, oscillating, single-acting steam cylinders arranged at
angles of 120 degrees from each other, all acting on the same crank pin, after the
¢ brotherhood ” system. The cylinders are 4} inches diameter and 5 inches stroke of
piston. On the crank shaftis a toothed pinion which gears into a spur-wheel; on the
shaft of the spur-wheel is keyed a second pinion-wheel which gears into a second
spur-wheel, making the ratio of gearing nearly 36. The second pinion and the second
spur-wheel are keyed to hollow cast-iron shafts, through which the other two shafts,
respectively, work.

Motion is communicated to the tiller chains by a chain holder (or ¢ wild-cat?”)
similar to those used on patent windlasses. On the extended portion of the upper
shaft there is a screw thread on which a large nut works; this nut is clutched to one
of the pinions; on the forward end of the same shaft-is placed the steering wheel, 5
feet 4 inches in diameter. The motion of the steering wheel communicates like -
motion to the clutch-nut, which, in turn, imparts motion to the slide-valve of the
engines; and the motion of the engines, transmitted through the gearing described,
revolves the clutch-nut upon its thread in the opposite direction, and brings the valve
back to its central position. By this contrivance the engine ceases its motion directly
the helmsman brings his wheel to rest. The slide-valve is common to the three
cylinders; it is cireular in form, and revolves upon its center by gearing from the



Bull. U. S. F. C. 1896.

(To face page 269.)

PLaTE VIIL

WARD ROOM.

WARD ROOM.



DEEP-SEA EXPLORATION. _ 269

steering wheel; its partitions or ribs divide it into three valves (one for each cylinder),
though it is one casting. The exhaust is delivered into the steam-tight box which
incloses the engine, and all the oil which the crank-pin and crank-shaft journals ever
receive must come with the steam worked through the cylinders. The mechanical
performance of the machine is all that can be desired. The engine starts the moment
the wheel is moved and stops with equal promptness; the power of the machine is
ample and it is comparatively light and compact.
Auziliary steering-gear : This powerful screw gear is used when it is thought
_ necegsary to put the vessel stern to a heavy sea, as in sounding, and is designed to
hold the rudder rigidly, thus relieving the ordinary steering-gear from unusual
strains. It locks the rudder securely, and is also an efficient steering-gear which can
be connected in a moment, and as quickly disconnected. A compass is conveniently
placed in the cabin skylight to steer by when the after-wheel is used. Cut 3 is a
longitudinal elevation, and cut 4 a plan view of the apparatus. The yoke ¢ is keyed

==

—

Cut 3.—Longitudinal elevation of auxiliary steering gear.

to the upper end of the rudder-stock f, and the arms d, which have a screw-thread at

-one extremity working on the right and left hand screw-shaft ¢, and a hole in the
opposite extremity tor the reception of the pins a, are the means of connection between
the yoke ¢, the screw-shaft i, and the steering-wheel I

The arms d are held in a horizontal position by the gulde rod e, which is
supported by the adjustable bearings %, which also carry the screw-shaft.

To disconnect the gear, remove the pins a from the arms d aund the slots b, When
the rudder will move freely.

Spare tiller: Cut 3 shows the spare tiller g keyed to the rudder-stock f. The
eyebolts & for the relieving tackles slide along the whole length of the tiller, and are
usually carried at the torward end for convenience in hooking in case of accident to
the steering-gear.

Rudder chains: The rudder chains are shackled to the short tiller projecting
from the rudder, seized to an eyebolt in the stern, and carried along the quarters in
the usual manner.
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The tiller ropes are conducted forward through tubes and carriers, depending
from the main-deck beams, which protect them from injury in the coal bunkers, do
away with the annoyance and unsightly appearance of exposed tiller ropes in officers’
quarters, and cause them to work silently.
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Cut 4.—Plan view of auxiliary steering gear.

The tiller ropes are elastic steel wire, served with marline, which is thoroughly
tarred. They are connected to the yoke, or quadrant, by chaius spliced to the ropes
and secured to the yoke by adjustable screw bolts, by means of which their tension
can be regulated at will. From the yoke they are carried to the ship’s side, thence
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Iron tubes and carriers for the tiller ropes.

directly forward, under the main-deck beams, and spliced to the ends of a chain,
which, being brought amidship through appropriate sheaves, is carried up and over
the ¢ wild-cat” of the steam steerer designed to take the links and prevent slipping.
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BOATS.

The Albatross carries eight boats, as follows:

Herreshoff steam cutter: The Herreshoff steam cutter is 26 feet 6 inches in length,
7 feet beam, and 3 feet 10 inches in depth, with square, tubulous boiler and com-
pound engine, cylinders 6 inches and 34 inches in diameter and 7-inch stroke, develop-
ing 16 horsepower with 100 pounds of steam. It has a keel condenser, and carries an
average of 26 inches vacuum. The bunkers hold 1,100 pounds of coal, and the fresh-
water tank, which is placed directly underneath the boiler, has a capacity of 42 gallons,
sufficient for three days’ steaming. The hull and engine are of the best material and
workmanship. Water-tight compartments at bow and stern have sufficient buoyancy
to prevent sinking in case the boat is filled with water. Twelve persons can be seated
comfortably in the stern sheets. In addition to steam power, the boat is provided
with sliding gunter masts and sails, schooner rigged, and makes good speed under
sail alone. It is cutter build, with square stern,
coppered bottom, weighs 6,124 pounds, including
coal and water, and has a speed of 8 knots.

Steam gig : Built also by the Herreshoff Manu-
facturing Company. Twenty-five feet in length,
5 feet 2 inches beam, 3 feet 33 inches depth.
A square, tubulous boiler, compound engine, 4}
inches and 24 inches diameter of cylinders, and
5-inch stroke, developing 74 horsepower with 100
pounds of steam. It has the general form of a
whaleboat, is double planked, spruce inside run-
ning diagonally, and mahogany outside running
fore and aft. Both layers are bound together by
brass serews at short intervals, making the strue-
ture unusually strong and light. There are water-
tight compartments at bow and stern of sufficient
capacity to float boat and crew in case it is filled
with water. The total weight, including coal and
water, is 2,907 pounds.

The bunkers hold 450 pounds of coal, and the
fresh-water tank under the boiler carries 15 gal- : |
lons, enough for two days’ steaming., The ordinary FHRLEY ‘ =

comfortably in the stern sheets. In addition to steam power, the boat is provided
with sliding gunter masts and sails, schooner rigged, and makes good speed under
sail alone. It is cutter build, with square stern,
coppered bottom, weighs 6,124 pounds, including
coal and water, and has a speed of 8 knots.

Steam gig : Built also by the Herreshoff Manu-
facturing Company. Twenty-five feet in length,
5 feet 2 inches beam, 3 feet 33 inches depth.
A square, tubulous boiler, compound engine, 4}
inches and 24 inches diameter of cylinders, and
5-inch stroke, developing 74 horsepower with 100
pounds of steam. It has the general form of a
whaleboat, is double planked, spruce inside run-
ning diagonally, and mahogany outside running
fore and aft. Both layers are bound together by
brass screws at short intervals, making the strue-
ture unusually strong and light. There are water-
tight compartments at bow and stern of sufficient
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Cutter : This boat is 26 feet in length, navy pattern, pulls 10 oars, is schooner-
rigged with sliding gunter masts; she pulls and sails well, and is a good carrier.

Whale-boat : A navy-built boat, 26 feet in length, pulls 6 oars, and, like the cutter,
is schooner-rigged with sliding gunter masts.

Cutr 10.—Herreshoff steam cutter.

Dingey: An 18-foot navy-built boat, pulls three pairs of sculls, has one mast
and split lug sail. X !

Naturalist's boat: A small whitehall, clinker-built, centerboard boat for special
use of the naturalists. It has two pairs of sculls and one mast with spritsail.

Cut 10.—Herreshoff steam cutter.

Dingey: An 18-foot navy-built boat, pulls three pairs of sculls, has one mast
and split lug sail. 3 }

Naturalist's boat: A small whitehall, clinker-built, centerboard boat for special
use of the naturalists. It has two pairs of sculls and one mast with spritsail.




PLATE 1X.

Bull. U. 5. F. C. 1896, (To face page 273.)

'SNLVEYdY ONIHOVL3A-1Y0g S.a00M "W "M "LA3NT

Ay .




DEEP-SEA EXPLORATION.

Principal dimensions of the boats and machinery.

273

Cuttor, l’ Gig.
e o--
Length from forward edge of stem to after edge of stern 26. 500 25. 083
Length at the load water-line 24,500 24. 583
Greatest beam...... .-...... . 6. 750 5
Beaw at the load water-line ... ...ooveiiiiiiiinnaanaa. . 6. 400 4.833
Depth from top edge of gunwalo to lower edge of rabbet of keel:
Forward eeeemaeiavaen PR U SN 4.333 3. 600
Amidships .. e teveeseeaatenaieaaas do .. 3.417 2. 667
7 do... 3.677 | 3. 667
Draft of water, exclusive of keel:
Torward....... 1. 667 1. 417
Amidships 1.625 1.417
Afto.eaaoan cessrmvsestevane 1.583 1.417
Depth of keel:
Forward..... .25 . 208
Amidships .. .625 | . .458
£ R 1. 000 375
Avrea of greatestimmersed transvoerse scetion 7.27 6, 216
Area of load water-line ...........coeeenan. 101. 65 86, 67
Apgrogate area of the wetted snrfaces. . do.... 116. 25 09, 78
Df’splucemeut at the load water lino ......... ... reeverer ey cubio feet.. 89,29 46, 86
Weight of hull and fittings 3,300 1, 706
Weight of boiler....... 010
Weight of coal and water --...... 1,394 |. 550 |
Weight of engine, including screv 520 182 |
‘Welght of the hoat complete .coveevnniineiiiiiiieiiiiiianai st do.... 6,124 [ 2, 902
Numberof boilers ...covveeeenviiiaanaaiiian, meesarnnane ereevereeaes Cieraeeraen 1 1
Diamoter of caging of boilor..coooiiveiae i iiiiiiinian.at ..inches.. 35 27
Extreme hoight of boiler from agh-pit to base of smoke-pipo . ceeeldOn... 2% 23
Diameter of furnace : U do.... 303 22%
Aren of grato 8urface. .. oo iiiiaiiiia e square feot.. 6.7 3.4
Diamoter of smoke-piPo - ceuueenoiaeieeana.. eeavsemtreaenirareasaaans inches. . 10 8
Height of smoke-pipe above grate bars feet.. 8.75 6.75
Diameter of separator......c......oooln ..inches.. 6 3
Height of separator ....... [P eeameinaet it iaaeas do.... 31 26
Steam cylinders............. g ..number.. 2 2
Diameter of high-pressure cylinder. ....inches.. 34 2,
Diameter of low-pressure cylinder . [} 43
Stroke of pistons........... 7 B
Diameter of the piston rods .... ] e
Diameter of the air pump (single-acting) 2% 23
Stroke of air ])uml) ..... e emerceaaenniataann 2 2%
Diameter of circulating pump-plunger A )
Diameter of feed pump-plunger....... . s H
Strokoof pumps.....veeriiiaa.. e rerneniensteseaneatneet e aasaraas do. 7 5
Len %th of condensing pines...... e ee i esaneeemaeraeenaanenaiaas eenans foet. . 15 1344
Condensing surface......... .square feet.. 0.83 4,95
Main journals .....o....... ..number.. 3 ]
Diameter of main journals ..inches.. 1% (1§ and 2}
Length of main journals.coviaiiannnian eenenarei e PO, IO do.... 3 2%
Crank-pin JOurnals. ... .ooiiiiiiiaaieiiiiiiiiiatiiecrearectnnciacans nuniber. . 2 2
Diameter of erank-pin journals: ’
High-pressure..... . ....inches.. 13 13
Low-pressutre.....-.. -e..do.... % %
Length of crank-pin jour: :
g 1 15 T T P do.... 1% 1
Low-pressure...... veeenmansease fevemanrremaens veesvmmaseneenasnsann do.... 1% 13
Space occupied by the engine: :
Longth tore and aft........ veereaascesanaiaaaanien P do.... 24} 21
‘Width . 21 18
Hoight..erernnn et enainea s m 26
Diamoter of the screw propeller............. [ Cemreariseccntaestens do.... 28 164
Pitch of the screw propellor (Uuniform) .....co.cooviieani.. .do.... 48,72 80
Projected longth of the screw on line of its axis PR [T 5 © 3
Blades of the 8erew. ..ovocevveanimaienienn.. ..number.. 4 2
Triction of the pitch U8B0, .eeeartimniinri ettt ittt ean e naaaan 0.49 0.2
Hélicoidal arer of the sorew blades... .square feot. . 3.69 3
Weight of the SCIreW cevecneie ccavrucsrsansrscesussscsinnacases eeeanas pounds.. 45 | [}

¥. C. B, 180618
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BOAT-DETACHING APPARATUS.

The whale-boat and dingey are kept hanging at the davits ready foremerg encies,
and are provided with a unique detaching apparatus (plate 1x), the invention of Lieut.
William Maxwell Wood, U. S. N, ,

The object of a detaching apparatus is to disengage both ends of a boat from the
tackles at the same time, the operation being under the countrol of one man. To
accomplish this Mr. Wood has provided a pair of links, L, figs. 3 and 4, which oscillate
freely about a center of motion. The form of this link is such as to permit the spherical
toggle T to pass between its sides: now, if the link is pulled down by the chains rv/,
and the ends of the chains connected by the slip hook %, the toggle will slide up in the
link and be locked in the narrow space between its sides, as shown in full lines in figs.
1, 3, and 4. If, however, the slip hook % is tripped by pulling the lanyard a, figs. 1
and 2, both chains r»’ will be slacked, and the links L released to iy up into the posi-
tions shown by the dotted lines in fig. 1, releasing the toggles and thus detaching the
boat. The locks ¢ are provided as a measure of safety to prevent the toggles from
slipping out of the links in case one end of the boat is hoisted faster than the other,
or a fall is accidentally let go; in fact, they prevent either end from being detached
until the liuks are released by pulling the lanyard a.

This simple apparatus has been in constant use, at sea and in port, under all
conditions of wind and weather, and has answered its purpose admirably without

" a single failure or accident.

STEAM MACHINERY AND ITS ACCESSORIES.

There is a two-cylinder compound engine for cach of the two propellers; the
engines are independent and are provided with steam reversing gears; they are
upright, but not vertical, the ¢ylinders inclining toward each other to give more room
on the working-platform. There is one condenser, common to both engines, which is
mounted on a bed-plate, and which forms the framing and cross-head guides for the
engines; the single bed-plate supports the pillow-blocks of both engines. The con-
denser is of the type known as ‘“surface condenser,” and is arranged in three nests of
borizontal tubes, the water passing successively through each nest, and the steam is
condensed on the outside of the tubes.

There are two plunger air-pumps, placed horizontally forward of the main engines,
one plunger being worked from a concentric on the forward end of each crank-shaft.
Both pumps are in one casting. The feed-pumps are worked from rods extending from
the air-pump plungers. .

The valves of the high-pressure cylinders are locomotive slides, over which gridiron
cut-off valves are placed, while the low-pressure valves are double ported and are

“without cut-offs. ' All these valves are actuated -by eccentrics and Stephenson links,
in the usual manner. ' :

The engines are provided with a system of valves by which they may be converted
from compound to single expansion or simple engines. There are two outboard deliv-
eries, one for the circulating water and one for the air-pump or fresh water.

The circulating pump is a Davidson light-service pump, No. 26 (cut 19).



List of the weights of the main engines.

Cast iron: Pounds.
2 condenser covers ........ R 2,7
1 condenser .
4 ¢ylinders .
1 bed-plate
2 “pinch-wheels (couplings)..... 3,210
2 “crank-wheels™ (couplings)..... 38,270
4slide-valves ................ ..., 1,568
1 double air-pump and bed........ 2,750
dsteam-chests............... .. 2,520
4 steam-chest covers .............. 2,084
10 eccentrics ........... ... 1,188
4pistons................ 1,586
4 line-shaft couplings.. 2,180
12 thrust-collars. ....... 2,260
4 cylinder-heads. ....... 2,500
2 stern-bearings. . aane 4,897
2 thrust-bearings....... ... 2,055
2 throttle-valve chambers. . 448
2 screw propellers .. 8,076
2stern-pipes........oo.oiiiiei e 1,376
Bronze castings:
4 tube sheets (condenser) 4,008
2 stern-bushings.............. 257
g shaft busbiings. . 1 :);gg
air-pump plungers. PO . ,
6 linkl-)bloelirg. .. g ................. 101
Phosphor bronze castings:
6 lower boxes for crank-shaft..... 836
Iron forgings:
2shafts ........ ... ool o 19,043
dhangers............cocvevaveennens 5,480
4connecting-rods............co00nn 2,260
4 straps, gibs, and keys.. e 654
4 double-cranks . ........ 7,680
4 crank-ping.....,....... 990
4 coupling-pins .......... 764
6 valve-stems............ . 590
S5links.........0.... ...... 786

Air-pump connections..... OS¢

Levers and arms . . 731
Guides.......... 843
12 eccentricrods. ............ 1,202
4 ‘‘cylinder braces " (struts) 1,104
Link connections.......... . 5
Steel forgings: 4 piston-rods........ 1,877

Brass tubes: 2,
denser-tubes. ...................... 4,972

Copper pipe: Steam, feed, and blow
PIPeS ...l Ll 3,458
Reversing gear: 2 steam cylinders,
valves, guides, rods, arms, etc.... 2,216
Circulating-pump: 1 Davidson light-
service pump, No. 26.............. 2, 600

Additional weights:
Floor-plates, flanges, cast-iron ex-
haust-pipes, bolts, nuts, etc., used

infittingup........ ............ 48,017
No. 5 Davidson pump...... ....... 1,100
No. 5 Davidson light-service pump. €0

No. 2 Davidson high-pressure punip 250
No. 1 Davidson high-pressure pump 200
No. 1 Davidson high-pressure pump 200
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COMPOUND TWIN-SCREW ENGINES.

Principal dimensions of the engi’nei

Number of cylinders to each engine.......... .....
Diameter of high-pressure cylinders..... .inches..
Diameter of high-pressure piston-rods....... do....
Net area of high-pressure cylinders.......... do....
Clearance of high-pressure piston............ do.

Le;ngflh of steam-port of high-pressure cy].indé'x",
D T 1T e
Breadth of steam-port of high-pressure cylinder,
inches.........c.oiiiiiiee it D
Area of steam-port of high-pressure cylinder,
INCheS ..ot i
Lfimglgh of exhaust-port of high-pressure cylinder,
L4 U] 01 P
Breadth of exhaust-port of high-fressure cylinder,
InChes. ... ...t i e e
Area of exhaust-port of high pressure cylinder,
fnches. ... iy e
Number of ports in cut-off valve.... ...
Length of ports in cut-off valve ...

Breadth of ports in cut-off valve............ do....
gregate area of cut-off valve-ports..sq. inches..
Diameter of low-pressure cylinder......... inches..
Diameter of low-pressure piston-rod......... do....
Net area of each low-pressure cylinder...... do....
Stroke of all pistons................ciiunn. do....
Clearance of low-pressure pistons.......... do

L(;nglblh of steam-ports of low-pressure cylinders,
NCHeS ....c.oi. iiiiiiiii e e
Breadth of two steam-ports of low-pressure cylin-
5 inches..
Area of double steam-port of low-pressure e¢ylin-
de inches. .
Ratio of volume of displacement of low-pressure
piston to that of high-pressure piston, per stroke.
Length of pistons, on line of axis, at circumference,
INCHeS. ... .oei ot i i
Thickness of metal in all cylinders hes. .
Length of packing-rings on high-pressure pistons,
nChes. ...y e
Length of packing-rings on low-pressure pistons,
ICBES . L . i e e
Diameter of each (single-acting) air-pump plunger,
inches. ............ ool reeaeneeeaas
Stroke of air-pump Elungers ............... inches..
Displacement of each air-pump plunger, per stroke,

cubicinches.................. oo el
Dinaneter of each feed-pump plunger......inches
Stroke of each feed-pump plunger........... do....

Displacement of each feed-pump plunger, per stroke

cubicinehes.............. ..o L
Diameter of steam cylinder of the circulating-
inches..

IChEs ...vvi i cii i e
Net area of steam piston of circulating-pump, cubic
inches..... ........ ..ol e eeeiiaea s
Diameter of water piston of circulating-pump,
inches
Diameter of water piston-rod of circulat
inches . .
Net area of water piston of circulating-pump,
square inehes............ciii it beiieens
Stroke of pistons of circulating-pump..... inches..
Ratio of area of steam piston to that of water piston
Number of brass tubes in condenser ...............
Outside diameter of condenser tubes .. i

Kxposed length of condenser tubes........ i ..
Condensing surface of tubes.. . .,..... sq. feet..
Number of crani-shaft journals to each engine....
Diameter of forward journal .............. inches..
Diameter of middle journal.................. do....

Diameter of after journal...
Length of forward journal......
TLength of middle journal .... . .
Length of after journal....... ....... ......

Diameter of high-pressure crank-pins...............
Length of high-pressure crank-pins....
Diameter of low-pressure crank.-pins .....
Length of low-pressure crank-pins.........
Diameter of hizh-pressure crosshead pins..
Length of high-pressure crosshead pins .
Diameter of low-pressur e crosshead pins
Length of low-pressure crosshead pins......
Diameter of line shafts (wrought iron)..... ..

Length in vessel occupied by engines...........

Breadth in vessel occupied by engines .........

Height of engines above center line of shafts.......

R14.7
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There is a flexible coupling connecting each crank shatt to its line shaft, and the
thrust bearings are on the line shafts,

The screw propellers are right and left, with four blades each.

The shaft brackets are of wrought iron; one is placed near the hub of the screw
and the other halfway between this and the hull. The journals of the brackets are
lined with bronze and lignum-vite, and the sha.tt in these journals is covered by a
bronze jacket in the usunal way.

The stern pipes are of cast iron, the after floors being bor ed to receive them, and
the frames bent round them. The stern bearings are likewise of cast iron, with
flanges fitting the hull; they are 3 feet 4 inches in length, are lined with lignum-vita
staves, and are leceSbed to receive the stern pipes; the usual atuﬂmg boxes are
provided.

The sea valves are of bronze with bronze stems, scats, and glauds, with cast-
iron chambers, and have outside threads.

There are two escape pipes, one for each boiler, and a steam whistle forward
of the smokestack. The exhaust from steam radiators and all auxiliary machinery
is carried to the main condenser, the hot well, or to the atmosphere through the
escape pipes, as preferred.

Engine signals are made by ordinary bell pulls on the bridge and in the pilot
house, connections being made to gongs on the engine.room platform by means of
wires and bell cranks.

There are three gongs, the large or main one in the ceunter, a small one on the
port side, and another of the same size, but of different tone, on the starboard side of
it, all inclosed within a brass hood which is connected with a return sounding tube
to the pilot house. Verbal orders are transmitted through a speaking tube having
branches to the bridge, the pilot house, and sounding machine.

The following are the engine signals in regular sequence, both engines being at
a stand, and to be worked together as one:

Jingle bell.—Cautionary. Stations for working the engines.

. One bell, main (gong).—Ahead slow.

. Jingle bell.—Tull speed.

. One bell, main.—Half spoed.

One bell, main.—stop.

T'wo bells, main.—Back, ordinary full speed.

. Jingle bell.—Back hard, open throttle.

. One bell, main.—Stop. One bell always stops a backing engine.

. Jingle bell, with engines at a stand.—IHave finished with the engines.

The foregoing signals apply also to the starboard and port engines when they are
worked independently, their respective gongs being used.

Tllustrative example.—The vessel being underway and both engines at a stand, to
turn sharp to starboard:

1. One bell port, two bells starboard,—Helm hard aport; engines working alike at half speed.

2. Jingle Lell.—Full speed; port aliead, starboard back.

3. One bell, main.—Slow port, stop starboard.

4. Ono bell port, —Stop port engine.

Modifications of speed other than half or full power are effected through the speak-

ing tube.

DO NS T W
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SVEDBERG'S MARINE GOVERNOR.

In a heavy seaway a ship, from execessive pitching, will sometimes throw the
screw out of water sufficiently to relieve it of the resistance of the water; at such
times the serew and engine, thus released, will spin around very rapidly, endangering
the machinery. To prevent this it was formerly the custom to station a man at the
throttle, who would close it when the engine began to speed up (to “race”), and open
the valve when the engine slowed down. This operation was never satisfactory, and
gave birth to the invention of many marine governors, the majority of which were
centrifugal in principle, and consequently depended on the speeding of the engine to
close the throttle, or, in other words, to slow the engine after the racing had com-
menced. The object of the Svedberg governor is to anticipate the racing and to close
the throttle valve before it commences. :

To accomplish this an air-chamber A is placed at the stern of the ship, as low down
as it can be fixed; the top of this air-chamber is connected to the top of a mercury-
cup by a pipe; this mercury-cup B, is made on the principle of a Wolf jar, and besides
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| THROTTLE VALVE OF
MAIN ENGINES.

Cur 12,—Svedberg’s marine governor.

mercury it contains a wooden float on the lower end of the rod ¢, which passes through
the oblique cylinder 4 to the surface of the mercury; the cylinder, though in the same
casting with the mercury-cup, has its lower rim immersed in the mercury. Any
elevation of the stern of the ship, or any rise or fall of the water under the stern of
the ship, will increase or diminish the pressure in the air-chamber A, which pressure
is promptly communicated to the mercury-cup B, and depresses or lifts the surface of
the mercury in the cup; but as the lower rim of the oblique cylinder d is immersed
in the mercury, any rise in B will depress the mercury in d, and will cause the float
(and rod c¢) to fall or rise accordingly ; and this rise or fall is directly proportional to the
pressure at the stern of the ship. The pressure exerted by the float is necessarily
small, while the power required to move the throttle-valve is sometimes considerable,
and for this reason a steam-engine is interposed, the float moving the valve of the
little engine, while the pressure of steam in the little eylinder moves the throttle. In
this engine the piston and rod are fixed, while the cylinder moves upon the piston; the
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valve chest and cylinder are cast in one, and the steamn and exhaust pipes slide through
stuffing-boxes; the cylinder is connected by the rod e to the throttle-valve lever.

The action of the machine is as follows: The water, rolling from underneath the
stern, causes a diminution of the pressure in the air-chamber, which is transferred to the
mercury-cup, lifts the float and rod ¢, and, through the levers, communicates a definite
amount of motion to the valve; steam is thus admitted to the eylinder and moves it to
the right until its motion has equaled that of the valve, when the ports are thus
automatically closed and the cylinder and throttle-valve come to rest. By changing
the quantity of mercury in the cup, adjusting the length of the rods or throw of the
levers, the throttle-valve can be made to come to rest at any desired position, or to
work between desired limits. In practice the machine works admirably.

BAIRD’S PNEUMATIO INDICATOR.

- It is well known that the inertia of a steam vessel in motion is considerable, and
that it requires some little time to change her direction even after the engines are
reversed, aud it often occurs in sounding and dredging that opposing winds and

SAIRDY
PNEUMATIC %’;ﬁ\

U. 8.F. C. STEAMER

QBATROQ’&

Cur 18. Cur 14, Cur 15.

. currents carry the ship from the desired position with reference to sounding wire, or

dredge rope; hence it becomes imperative for the officer in charge to know promptly
whether the engines are running in the right direction. . The object of the indicator
is to give him this information, also to show whether they are going fast or slow, or
standing still.

There is an indicator for each shaft, and, having twin screws, the Albatross has
two. Cut 13 is a sectional view of the back, cut 14 of the side, and cut 15 is a view
of the face; cut 16 is a sectional view of the side, and cut 17 the end of the blower
for the indicators; cut 18 is a general view of the indicator and its connections.
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The-indicators are of brass with steel shafts and spindles and glass faces; they
are secured with their backs to the after bulkhead of the pilot-house, as seen in cut 14
with a cireular hole in the wood large enough for the index arm to move in; the arrows
on the faces of the indicators
are visible from the deck, or
bridge, those on the backs
from the interior of the pilot-
house.
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their arrows point when the
engines are working ahead;
upon reversing them the mo-
tion of the arrows is also
reversed. The index arms
are mounted upon each end
of a horizontal shaft carrying a toothed wheel, cut 14, which is turned by the revolu-
tion of a fan or propeller ou a vertical spindle that has a worm or endless screw, the
threads of which mesh with the teeth of the wheel.

The propellers are rapidly revolved by an air current when the engines move,
transmitting motion through the spiral gearing to the index arms, the movement of
which is moderate, but the speed is variable with the speed of the engines and

Indicator. incidentally affords a means of esti-

N\ mating by the eye their speed as

well as the direction in which they
are moving.

The air current is derived from
small rotary blowers, cuts 16 and 17,
placed mear the main shafts and

- belted to them, as shown in cut 18.
When the engines are moving ahead
the blowers draw. the air in and force
it through the pipes to the propellers
in the indicator case, thence it escapes
to the atmosphere.

When the engines are backing,
the air is drawn in at the top of the
case, reverses the propellers, and, after
traversing the connecting pipes and

Cur 18. blowers, it is exhausted into the atmos-
phere as before. The conneeting pipes are of drawn brass of commercial pattern.

The indicators were installed early in 1886.. They are simple and effective, and
have greatly improved the maneuvering qualities of the vessel.
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BOILERS.

There are two single-ended, horizontal return tubular boilers of the Scotch type,
constructed of American charcoal flange iron and placed fore and aft on the midship-
line, with the fire-room athwartships between them. An annular steam drum is placed
vertically over the fire-room, between the boilers, supported by wrouglit-iron girders
which rest upon the latter, and is connected with an uptake common to both boilers.
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There is a single smokestack, 10 feet of its base being formed by the steam-

drum, which acts as a superheater.

The grate bars are double and in two lengths.

The following are the general dimensions of the two boilers and accessories:

Number, 2.

Length, 10 feet 3 inches.

Diameter, 12 feet.

Number of furnaces each, 3; type, plain cylin-
drieal, 3 sections, Adamson’s rings.

Length of furnaces, 7 feet; dinmeter, 3 feet.

Grate surface, 21 square feet for furnace, 63 square
feet for boiler; total grate surfuce, 126 sq. ft.

Heating surface, 1,467 square feet; total heating
surface, 2,934 square feet.

Ratio of heating surface to grate surface, 23.3 to 1.

Number of tubes in each boiler, 197; material,
brass; length, 7 feot 4 inches; diameter, ex-
ternal, 3 inches; thickness, No. 12 wire gauge.

Thickness of shell, # inch; of heads, v inch; of
tube sheets, 4 inch; of furnaces, § inch; of con-
nection sheets, 4 incl. .

Weight of each boiler, exclusive of grate bars,
62,333 pounds.

Weight of water in each boiler (6 inches above
tubes), 31,833 pounds.

Weight of grato bars, each Dboiler, 4,000 pounds.

Total weight of both boilers, with water and grate
bars, 196,332 pounds. '

‘Working pressure above atmosphere, 80 pounds.
Steam drum:
Material, American charcoal iron.
Length, 10 feet.
Diameter, 7 feet 4 inches.
Diameter of flue, 4 feet 4 inches.
Capacity, 256 cubic feet.
Smokestack:
Total length above the grate bars, 50 feet.
Diameter, 4 feet 4. inches.
Woeight, 3,600 pounds.
Propellers:
Number, 2.
Type, 4-bladed, twin-screw, right and left.
Material, composition, 8 cu. 10 sn. 2 zn,
Pitch: Port, 13 feet 11 inches; starboard, 14
feet +%; inch.
Diameter: Port, 8 feet 11% inches; starboard,
9 feet & inch. '
Helicoidal area: Port, 30 square feet; star-
board, 30 square fect.
Weight: Port, 3,277 pounds; starboard, 3,223
pounds. '

STEAM PUMPS.

The Albatross is provided with six Davidson steam pumps, as follows:
No. 1. The circulating pump is piped to take water from the sea or from the bilge,

and to discharge into the condenser.
strokes per minute.

Its speed may be varied from 1 to nearly 200

fisannes (B 1RERALINAN

{1

Cur 19.—Circulating pump.

No. 2. The boiler feed and fire pump has sea and bilge connections, and delivers
to the boilers, to the hydrant pipe, engine-room, fire-room, ash-chute, and overboard at
pleasure. It is designed to work under great pressure. The hydrant pipe runs fore
and aft under the main-deck beams and has connections at convenient intervals on
both sides of the deck-house for fire and general purposes.
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No. 3. The hydrant pump is piped to take water from the sea or the bilge, and
delivers to the boilers, hydrant pipe, ash chute, or overboard. It is used for the
general purposes of the ship and can be worked in connection with No. 2 in case of
fire or leak. The bilges are pumped through a manifold system which is common to

both of these pumps.

i
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Cur 20.—Boiler feed and fire pump.

No. 4. The auxiliary boiler feed is a vertical bulkhead pump, piped to take water
from the sea, hot well, and drain tank, and delivers to boilers, ash-chute, and fire-room,

No. 5. The evaporator feed pump takes water from the sea or from the discharge
pipe of the distiller and delivers it to the evaporator.

No. 6. The aquarinmn pump has a sea connection, and delivers water to the
aquaria and bath tubs.

Table showing the size and power of steam pumps.

HP.= P ; ;
Ship's | Maker’s high pres-| Diam. of | Diam. of | 1 Gallons | Capacity per min- Cupaclt}" DOr MIN- | wreinhit,
num- | number|sure. L.| steam | water s;;,?’]]‘? per :pt:odn turfiiln‘;;; ;lctg s?;ez‘;sier(‘;i. in
py iz —1i i i . a4, )
ber. | on size. Sa.e;vl;ggt cylinder. | cylinder. , stroke. service. emergoncy. pounds

P — O {___._,,,, .

[
Strokes. | Gallons. | Strokes. | Gallons. |
1 26| L.S..... 14 16 14 12.18 86 1,047 172 2,004 | 2,000
2 5 H.P... 9 53 12 1.12 100 112 200 224 | 1,100
3 5| L.S..... 7] 5 10 .85 120 102 240 204 400
4 2| HP... 43 2 [ .13 150 193/ 300 39 250
5 1[HD... e 2 4 .05 150 73 300 15 200
6 1| H.P.. 3&; 2 4 .05 150 ni - 800 15 200
Approximate data of best four hours run (June 27, 1893).
Hours and minutes. ... ..........cooeooat. 8 Temperature—continued.
Meanspeed ...coevoiiiiiintioicieannnan. 11.52 Discharge water........... degrecs.. 706
Steam pressurc...........c..iiieioninaans 71 Feed water .................... do.... 106
Receiver pressure ... .....ooco. oo oene.an L2 Barometer ... ....coveiimmi i 30.15
Revolutions.. ... ... .. .. ... 87.6 | Mean draft of water_ ... ....._.... feet.. 12
Vacuum ....oooviiiiiiiiiiiiii i 25 Displacement intons............... tous.. 1,074
Throttle,holes .. ... .............. e 8 Pounds of coal consnmed per hour (Nan-
Cut-off, in decimals of stroke............. .12 13 31 1T SRR 1,740
Temperature: Square feet of grate surface muse........ 126
ndeck.ova oo degrees.. 50 Square feet of heating surfuce in use. _.... 2, 934
Inengine-room................. do.... 106 Ratio of heating surface to gratesurface. 23.3to 1

Injection water................ do.... 47
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MIDSHIP SECTION OF THE ALBATROSS, SHOWING BAIRD'S ASH ELEVATOR AND CHUTE.
a. Coal hunkers.

e. Forwarid ventilators. k. Ash chute and hopper.
b. IForward boiler, sectional view. f. Drum roon. 1. Vertieal tuboe for ash bucket.
¢. Steam drum. g. Baird's ash-hoisting engine. k. Ash bucket.
d. Smoke stack.
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BAIRD’S ASH ELEVATOR AND CHUTE.

A midship section of the vessel is shown through line of fire-room, and Baird’s
ash-hoisting apparatus, including hoisting engine and chute, is seen on the port, or left
side. The object of this machinery is to hoist the ashes and dump them overboard
with the least manual labor and to avoid carrying them across the deck. The vertical
chute through the ship’s bottom has been tried and abandoned, as the ashes soon
scoured through the bottom plates of the ship, in the wake of the chute. The steam
ejectors, tried in the Navy were abandoned for the reason that the ashes, hlown at
such a high velocity, very quickly scoured through a 2-inch-thick cast-iron pipe; Chief
Eugineer George W. Baird, U. 8. N., designed the diagonal tube % (a 10-inch wronght-
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Cur 21.—Baird’s ash-hoisting engine.

iron boiler flue), surmounted by a hopper, and the engine ¢ referred to. A stream of
water (1} inches in diameter)is projected into the hopper while ashes are being dumped,
and the velocity of the descending cinders, though not great,is sufficient to project
them quite clear of the ship’s side. The hopper and elbow are of cast iron,

Cut 21 shows several views and sections of the hoisting engine.

The principle of the engine is very old, it belonging to that class which is reversed
by ¢ changing the ports,” i. e., by having an arrangement by which the steam and
exhaust ports are changed, the one for the other. For simplicity and fewness of parts
the crank shaft and hoisting drum are one and the same piece of cast iron; the eylin-
ders are oscillating, their ports being on trunnions, the motion of the cylinders opening
and closing the ports; the steam chest between the two cylinders is comnon to both,
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and has at its center a piston valve; steam enters through the end of the piston
valve, and by moving this valve the steam goes to one side of the chest only; by
moving the valve in the opposite direction the steam would go to the other side of
the valve chest, which latter is divided, by a longitudinal diaphragm, into fwo com-
partments; the exhaust is through one side of the piston valve. By this arrangement
it will be seen that when this piston valve is in its mniddle position no steam can pass
into or ont of the engine, which, of course, stops it; it is also manifest that 4 movement
of the valve in one direction will eause the engine to run in one direction, and the
opposite motion of the valve will reverse the engine. The piston valve is moved by
a lever which has a long slot in it (a, cut 21) through which the hoisting rope
passes; on the rope there are two stops (knots), so situated that one will press and
move the lever when the bucket % is up, and the other when the bucket is down.
To operate the machine two men are employed; the first one fills the bucket and the
second one moves the lever, the bucket rises to its stop and is brought to rest; the
second man dumps the bucket into the chute, and pulls the lever, when the bucket
descends to the floor and is again automatically stopped. The machine is noiseless
and rapid in its action, works with certainty, and requires but little attention.

COAL BUNKERS.

The boilers are fore and aft on the midship line, and wing bunkers extend the
whole length of the boiler space, 40 feet in the hold and 32 feet above thie berth deck,
on both sides, from the floor to the main deck. The forward and after sections are
connected by arches over the boilers. The capacity of the wing bunkers is 125 tons.

The forward bunker lies between the boiler space and laboratory store-room; it
extends from floor to berth deck and across the whole beam of the vessel, with a
capacity of 40 tons, a total bunker capacity of 1756 tons of bituminous coal. There
are 8 coaling scuttles, 4 on each side, at convenient intervals on the main deck.

An auxiliary bunker has been improvised upon several occasions from the labora-
tory store-room by removing from it everything except the inclosed lockers, which
were protected by rough boarding, leaving stowage room for 45 tons, in bags; and a
gain of 15 tons could be effected by removing the lockers. Coal earried in this space
is passed through, the laboratory hateh. A deck load of 25 tons may be safely carried
in bags, giving a total coal capacity as follows:

Wing DUD KOs . .« - o et i it i e e e aa cieceinees caaaa tons.. 125
Forward bunker ... oot et i e i cn e e do... 40
Auxiliary bunker, bagged cee oo e do... 45
Deck load, bagged ..o venr it it ciitrir et et tiae ceranne e et do... 25

Total coal capaeity .. .o ovee o or i e do... 235

The auxiliary bunker can be utilized only by landing a portion of the scientific
outfit. The steaming radius, with 235 tons of good bituminous coal, a fairly clean
bottom, and good weather, is 4,500 miles at an 8-knot speed, which can be maintained
on a consumption of 10 tons of coal per day.

BAIRD’S FRESH-WATER DISTILLING APPARATUS.

The distiller (cut 22) is patented by the inventor, Chief Engineer George W.
Baird, U. 8. N., and is the form generally used on board American steamships.

The object of the apparatus is to distill drinking water. There are three block-tin
coils placed inside an annular cast-iron cylinder, the coils terminating in manifolds
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which pass through stuffing-boxes in the heads of the cylinder. To the top of the
coils is screwed an air-injector @, which is supplied with steam at b and air at ¢,
the velocity of the steam inducing the air current; the steam and air thus entering,
molecule to molecule, are thoroughly mixed before condensation. The current of sea-
water, forced into the condenser at d, passing out at ¢, keeps the surfaces of the
coils cool, condensing the steam -within. The fresh water and air rush out of the
coils at fand into a filter of animal charcoal, from which it is delivered to the ship’s
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Curt 22,—Baird’s fresh-water distilling apparatus. CuTt 23.—Baird’s evaporator, No. 3, Type C.

tanks through the opening g. The fresh water will absorb (dissolve) only a small
portion of air (less than 23 per cent of the volume under pressure of the atmosphere),
but the large excess of* air injected into the steam serves to oxidize organic matter
which is brought over by it, and this especial filter is to remove those oxides. The
object of the annular jet of steam is to bring a larger surface of steam-jet in contact
with the air, and the object of the annular condenser is to compel the circulating
water to flow over the condensing surface. The filtering material requires to be
renewed about once in two years. The commercial size of the machine is No. 4, and
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its capacity is 2,000 gallons per day; the daily consumption of water on board is
about 250 gallons. A ton of eoal will distill about six tons of water, so there is a
saving of weight and space by employing the distiller on board ship. The quality of
. the distilled water is always the same, and I quote the words of an eminent medical
director of the Navy in saying that “diarrhea has diminished 50 per cent on board
our ships since the introduction of distilled water.” The water is clear and, being
well aerated, tastes quite as good as hydrant water; in fact it is difficult to detect it
as the product of distillation, particularly since the evaporator came into use in
connection with this apparatus.

BAIRD’S EVAPORATOR.

This valuable adjunct to the condensing apparatus has greatly improved the
quality of the drinking water, besides providing fresh feed for the boilers. Cut 23
shows a sectional elevation of the Albatross’s evaporator, known as No.3, Type C. It
has a cylindrical shell of steel 2 feet 6 inches in diameter and 7 feet in height, On
one sideis a east-iron door and frame, the former containing a steam chest in which the

- ends of the copper tubes terminate. But one joint need be broken in order to remove
the tubes for cleaning. They are shown partially withdrawn.

The method of operation is as follows: Sea water is pumped into the evaporator
until the tubes are covered ; live steam from the boilers enters at the top of the steam
chest, the lower end draining to the hot well. As steam forms from the sea water it
ascends through the baffle plate to the steam pipe, and thence to the distiller, or
main condenser, according as it is to be used for drinking purposes or for boiler feed.
Excellent results have been obtained from its use on board the Albatross.

THE STEAM WINDLASS AND CAPSTAN.

This machine is commercially known as the ¢ No. 4, Providence capstan windlass,”
- and was built by the American Ship Windlass Company. It is situated under the
forecastle on the main deck. The windlass portion consists of a horizontal wrought-
iron shaft, mounted in journals on cast-iron frames, and carries two gypsy heads, a a,
two cam-clutch wheels, 4 d, a bevel gear-wheel, and a spiral gear-wheel, which are
keyed to the shaft; it also carries a pair of wildeats, b b, and friction-brakes, ¢ ¢,
which are not keyed to the shaft. The bevel gear communicates motion to or from
the capstan, and may be uncoupled by unkeying the pinion; the spiral gear is for
communicating the motion of the engine to the windlass. By revolving the eam-
wheels d d a fraction of a revolution they are coupled to the wildcats b b, by which
means the wildcats may be made to revolve with the shaft at pleasure, and by this
means the chain may be veered to one anchor while the other is hoisted; both may be
hoisted or both veered while the engine is in motion. The capstan is on the forecastle
deck and is keyed to the shaft or spindle f. This capstan, which is revolved through
the bevel gears, is used for catting and fishing the anchors, for hauling upon hawsers,
hoisting boats, ete. (See plate XII.)

The engines are placed horizontally beneath the forecastle deck. They rotate in
the same plane, are placed at an angle of 909, and act upon the same crank-pin. They
have locomotive slide valves actuated by “loose” eccentrics, by which means the
engines are reversible. The cylinders and their respective cross-head guides are in
one casting, while the outer cylinder heads only are movable. The cylinders are
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STEAM WINDLASS AND CAPSTAN.
Diameter of windlassshaft........ ......... inches 33 Number of steam cylinders ......... . ... .. ... ... p
Smallest diameter of gypsy heads . ... oo 10} Diameter of steam cylinders [P 8
Largest (inboard) diameter of gypsy heads ... .(lo 15 Stroke of pistons........ R do.,... 8
End (outboard) diameter of gypsy heads . .1 Diameter of piston rods. . ..o 1
Length of gypsy heads..... ... . .do 134 Diameter of connecting 14
Number of whe gs on wild eats 5 Diameter of erank pin 2§
Size of starboard chain (diameter of iron). incheb.. 1¢ Length of crank-pin Journal. .. [
Size of port chain (diameter of iron ..... .. .. P B Diameter of cross-head pins. 2
Chain per revolution of starboard wild cat. fabhomﬁ.. % Length of cross-head pin journals. 2
Chain per revolution of port wildeat.......... do.... 1% Ordinury speed of eng ne, i levolutmus pu minute. 300
Diymeter of friction-brakes. ... ... i : Rate of heaving in starboard anchor, m fathoms, per

Width of face of friction-brakes
Total length of windlass shaft
Number of teeth in bevel spur-wheel .
Number of teeth in bevel pinion..... ..
Number of teeth in spiral gear-w eel.. .

Number of convolutions of ** worm ‘“screw thread. .

Outer diameter of worm screw... ......... inches.. 8
Radial length of worm-screw threads .. ... do.. 1.L
Pitch of spiral gear..... ... ........ ... do..
Diameter of capstan spindle .. .. .do .i{“

Smallest diameter over capstan w hclps et 103
Projected height of capstan drum 4

mmute

Lengtl.l.(.)f’ st
Length of port chain.

Weight of starboard chain. . 14,745
Weight of port chain. . ..do Lo 9,983
Weight of starboard anchor and stock do... 2,760
Weight of port anchor and stock Sdo... 1,950

Total weight of both anchors and chains do.... 28;737
Weight of steam capstan windlass, complete..do.... 9,000
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sufficiently large to hoist both anchors at ordinary depths of water, with 10 or 12
pounds of steam per square inch of piston, and for this reason a pressure-regulating.
valve (cut 24) is placed in the steam-pipe; by tightening or slacking the serew the
steamn is adjusted in the cylinders to any pressure inside the limit of the boiler pressure.

The engine takes its steam from the main boilers, and exhausts into the main
condenser or into the atmosphere, as desired.

N

;};—‘g:’

Cut 24, —Pressure-regulating valve.

The engine makes from 275 to 325 revolutions per minute; at 300 revolutions the
velocity of the starboard chain would be 4 fathoms per minute and the port chain
3.4 fathoms per minute. .

LIGHTING.

The Albatross has an electric plant for both internal and external lighting; also a
complete outfit of oil lamps for burning mineral sperm. She was ‘the first United
States Government vessel to receive an electric installation for internal illumination.
The original Edison electric plant furnished the vessel in 1882 cousisted of a Z
dynamo having a B circuit of 51 volts, driven by an Armington & Sims 83 by 10
inch engine, which, at 350 revolutions, drove the dynamo 1,700 turns per minute and
furnished ample power and uniform speed. .

There were 120 8-candle incandescent lamps in cireunit, also a powerful are lamp,
which was run on the same circuit and used when a concentration of light was
required at the table sieve to facilitate the work of the naturalists. The dynamo was
rated at 1,200 candles by the makers, but was capable of developing muech greater
power. A new eclectric plant was installed in 1887, which represented the improve-
ments of five years. It consists of a No. 3 dynamo, with an A circuit. of 110 volts,
driven by an Armington & Sims G4 by 8 inch engine (cut 25), which at 300 revolutions
drives the dynamo 1,200 turns per minute. »

The dynamo was rated by the makers at 1,200 candles, yet it develops nearly twice
that power without visible evidences of distress. There are at the present time 152
16-candle incandescent lamps in circuit, besides several portable hand lamps, which
are connected as occasion requires. Of course, the lamps are never all in use at the
same time, seldom more than half of them, the installation furnishing all the current
needed. , . )

The governor of this engine is fixed to the fly wheel, which is keyed to the shaft,
and consists of two eccentrics, one within the other, each moving independently upon
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its axis, two weights pivoted to the arms of the fly wheel with their centers of motion
-opposite, and two spiral springs. The weights are each connected to one of the eccen-
trics by an arm or rod, their centrifugal force being controlled by the spiral springs in
such a manner that the motion imparted to them by the revolution of the fly wheel
throws one eccentric ahead and the other back, thus diminishing their throw and
effecting a shorter cut-off without changing the lead. of the valve. '

The governor maintains a uniform speed under all the varying conditions of
service, and the uniformity of current supplied to lamps in use is preserved by an
adjustable resistance box and switeh placed in the field circuit.

Wiring: The original wires, all copper between Nos. 10 and 20, were insulated
with woven- cotton and white lead, extra covering of rubber being used where they
passed through damp places; hard rubber tubes encased them where they led through
bulkheads, and in hot places, such as the engine and fire rooms, they were drawn

Cur 25.—Edison No. 3 dynamo and Armington & Sims engine,

through lead pipes; the wires were covered by battens in exposed places but they
were led out of sight wherever possible, a practice which was soon abandoned. "There
were two main circuits.

The vessel was rewired in 1893 by the Pacific Electric Storage Company, of San
Francisco, Cal. The highest grade rubber-covered, moisture-proof B. & 8. wire of
Nos. 4, 6, 8, 10, 12, and 14 was used, all run in water-tight white-pine moldings,
painted before and after the wires were run. The moldings are all in plain view and
easy to get at. Extra protection is given to wires passing through bulkheads.

Circuits: There are eight cirenits, as follows, all controlled by a switch board
placed near the dynamo:

No.1. Cabin and ward-room, port side. No. 6. Laboratory and chart-room, port side.
No. 2. Cabin and ward-room, starboard side. No.7. Steerage, main deck, forecastle starboard
No. 3. Deck-house, outside. side. )

No. 4. Drum-room, galley, deck-house rooms. No. 8. Steerage, main deck, forecastle port side,

No. 5. Laboratory and chart-room, starboard side.
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Portable electric lights: There are two small reels carrying 50 feet each of
insulated flexible cable, to which 50-candle incandescent lamps are attached; one
reel is in the pilot-house, the other under the forecastle, and both can be concen-
trated upon the table sieve, where a bright light is required for collecting and
assorting specimens at night. These lamps have replaced the are lights used for the
same purpose during the first cruise of the Albaiross. They are more easily managed
and answer the purpose equally well.

Submparine electric Iamps are improvised on board the Albatross by connectmg an
ordinary 16 or 50-candle lamp to one end of an insulated cable, carefully wrapping
the joint to makeit water-tight; a plug on the other end forms a convenient connection
wherever a lamp socket is found. They are especially useful in collecting at or near
the surface, lighting up the sounding machine, dredging gear, or any part of the deck
remote from fixed lamps.

LAMP FIXTURES.

There are combination electroliers in the cabin and ward-room arranged to burn
either mineral sperm oil or electricity or both. The bracket fixtures are designed to
be suspended above and cast unobstructed rays of light downward; they are hand-
somely made of brass with porcelain shades, three kinds being used, called brackets,
swing brackets, and double swing brackets, as shown in figs. 1, 2, and 3 (plate xu1).

The wires are run through the tubes of these brackets, but in the joints of the
swinging brackets the current is transmitted through insulated hinges, to which the
wires are fixed by binding screws, as shown at « in fig. 4, by which arrangement
the wires are not twisted in swinging the bracket. The wires are bronght to the
binding posts in the lamp socket, fig. 5, between their binding serews and brass con-
ductors; one of these brass conductors is soldered to the thin-spun brass socket into
which the lamp is screwed, while the other is connected, through the key, to a brass
disk placed centrally in the bottom of the socket, against which oune pole of the lamp
presses when screwed in place. The key is mounted on a screw thread of such pitch
that one-fourth of a revolution will give it suflicient axial motion to open or close the
circuit. .

The lamps are of thin glass, pear-shaped, containing a thread of bamboo carbon
about as thick as a horsehair. The small end of the lamp (fig. 6) contains glass of
sufficient thickness to make a tight joint on the platinum wire conduetors which
carry the current to the carbon. The atmosphere is exhausted by Edison’s modifi-
cation of the Sprengel pump, through a tube at the lower end of the lamp, and the
tube is then fused and broken off. Platinum wire is used because its index of expan-
sion is the same as that of glass, thus preventing any breakage or leakage from the
heat. The bamboo carbon and platinum wire are soldered together by electrically
deposited copper. One wire, passing through the glass, is soldered to a small brass
disk which is centered on the top of the lamp (fig. 6), while the other wire is soldered
to the spun-brass serew thread which surrounds the e¢ylindrical part at the top of the
lamp, and when the lamp is screwed into the socket (fig. 7) the circuit is completed
or broken by the switch or key already desecribed.

When the circuit is closed the carbon thread becomes heated to incandescence—
from its high resistance—and continues to glow, in vacuum, without burning, so long
as the current continues to flow. I'ig. 8 shows a lamp screwed into its socket.

By varying the length, and also the sectional area of the carbon thread, keeping
the electro-motive force constant, Iidison has varied the candlepower of his lamps,
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Sixteen candlepower lamps are in general use on board the Albatross. The copper
wires, being of high conductivity and of ample size, carry the current with but little
warming, notwithstanding the white heat of the carbons in the circuit; by varying
the size of the wires it will be found they follow the same law as to resistance and
heating as the carbons. '

Let R = the resistance of a conductor; S = its sectional area; L = its length;
@ = constant depending on material of which the conductor is made; then SR =a L,
and from this simple equation the relative sizes of the wires and carbons have been
determined.

The ¢lifetime” of these lamps is warranted to be 600 burning hours.

SAFETY CATCHES,

In event of a “short circuit” (an accidental connecting of the 4 and — wires)
by a good conductor there would instantly be generated sufficient heat in the wires
to melt them and to set fire to the adjacent woodwork, and possibly melt the armature
also. To prevent this, Mr. Edison has devised his cut-out blocks and safety plugs,
shown in figs. 9 and 10 (plate X111). The wires of the circuit connect to the binding
screws in the blocks, while the plugs screw into the sockets of the blocks when the
circuit is completed through the plugs, after the manner of the lamps; but the wire
which connects the two poles of the plug is made of a fusible alloy, which melts at about
400 degrees, and the melting of this wire breaks the circuit. When this happens all
the lamps fed through that plug will go out. These safety catches are placed on the
main wires near the dynawo and on every branech circuit near the point where the
mains are tapped.

VENTILATING.

Natural ventilation is provided by large air-ports and skylights which, nnder ordi-
nary conditions, afford sufficient eirculation to insure normal hygienic conditions, but,
to guard against the discomforts of closed ports and skylights in stormy weather, and
to insure the safety of the laboratories where large quantities of inflammable material
and volatile liquids are carried, the vessel is provided with a simple system of artificial
ventilation capable of supplying over 7,000 cubic feet of air per minute.

The plant consists of a pair of Sturtevant No. 5 Monogram exhaust fans, driven
by an upright engine belted to them. The conduits are of Root’s spiral galvanized-
iron pipe. Those leading forward are 9 inches and those leading aft 7 inches in diame-
ter, both diminishing in size to 3 inches in diameter at the extremities of the ship.
They run fore and aft on both sides just under the lodger plates of the berth deck,
and branch pipes 3 inches in diameter are carried up through the deck to the
apartments to be ventilated. .

Each pipe terminates in a polished brass register, easily worked by hand, and air
and water tight when closed; sliding gates in the conduits control the volume of
air exbausted from different compartments and shut off communication in case of fire.
The air is rapidly changed by running the fans even at a moderate speed, when there
follows a notable absence of odors peculiar to .ships, of stuffiness in the sleeping
apartments, of headache and nausea on waking in the morning, and of dangerous
accumulations of gas in the laboratories,
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WARMING.

The Albatross is warmed by the simplest form of steam radiators, 1 square foot of
radiator surface being allowed for every cubic foot of space to be heated. The dis-
charge is trapped and the water conveyed to the hot well. Much trouble was experi-
enced with the traps from lack of sufficient head until Chief Engineer Baird devised
one (cut 26) which performed its work satisfactorily.

The wheels A and B are used only when the valve J becomes clogged or sticks.

The operation of the trap is as follows: When the steam and water enter it at C
alid rise to the floating points of the ball the water lifts it and opens the valve J
enough to bring the port holes in it opposite the holes in the cylindrical case in which
it works, and discharges the water at I into the hot well.

. Valve wheel by which the lever F is raised,
thus opening tho trap by haund.
Valvo whoeel by which the lever F is lowered,
closing the valve by hand.
, Inlet to receive the dischargoe from the radia-
tors.
. Copper ball, or float, heavy, uud brazed at the
Joints so that it can not collapse or leak.
. Guide in which the lever works.
. Lever operating the float and valve.
. Connecting rod between the lever I' and pis.
ton valve J.
. Stud supporting lever I and float D.
« Outlet or discharge.
. Piston valve.

Y,
Z
|
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7
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Cur 26.—Baird’s Automatic Steam Trap.

- Baird’s trap has the following advantages:
1. It has a perfectly balanced valve, which operates equally well with high or low
© pressures,
2. The area of the openings in the valve are equal to the inlet and discharge
pipes, which prevents the trap from being flooded.
3. It has a drain pipe through which all water or sediment can be blown out
from the bottom, or, being left open, keeps the trap dry when the mdmtom are not

in use.
¥. C. B. 1846—19
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THE DEVELOPMENT OF DEEP-SEA SOUNDING.

The ordinary lead and line sufficed for navigational and other purposes until near
the middle of the present century, when the needs of deep sea investigation and
submarine cable surveys called for improved methods. A device for detaching the
weight was recorded in the seventeenth century, showing that attention was attracted
in that direction at an early day. Among the earliest recorded soundings of consid-
erable depth may be mentioned that of Ellis, in 1749, off the west coast of Africa, where
he reached bottom in 891 fathoms.

In 1819 Sir John Ross sounded in 1,000 fathoms, brmgmg up a satisfactory bottom
specimen in the ¢ deep-sea clamm v deSIgned by him the previous year, and described
as follows: : .

A large pair of forceps, kept apart by a bolt, and the instrument was so contrived that on the
bolt striking the ground a heavy iron weight slipped down a spindle and closed the forceps, which
retained within them a considerable quantity of the bottom, whether sand, mud, or small stones.

Officers of the United States Navy and Coast Survey were particularly active in
their intelligent and systematic efforts to reach a reliable and accurate method of
deep-sea sounding, but the results were meager so long as they retained the rope of
large cross-section and nondetachable sinkers of insufficient weight.

The causes for the many failures are made sufficiently obvious by reference to
Professor Trowbridge’s remarks regardii.g the resistance of ropein sounding:

‘The resistance of the lino varies, first, as the square of the velocity; second, as the diameter of
the line; third, as the length of the line immersed. >

With the above rule in mind, and the fact that a hemp line in sea water is only
one-fourth its weight in air, and that its naturally large cross-section is increased by
saturation, it will be seen that even in moderate depths the continued action of resist-
ance and the detlective force of currents may approximate to the weight of the lead,

and the line, left to sink slowly by its own weight, will continue to run out 1ndeﬁn1tely,
giving no warning when bottom is reached.

The following reports of soundings made in the Atlantic Ocean and Gulf of
Mexico by United States and British naval officers serve to illustrate the primitive
appliances and methods of the time and accentuate the great importance of later
experience and inventive genius.

Lieut. M. F. Maury, United States Navy, who was always foremost in every
effort at advancement, advocated the use of a small line of great strength, made of
the finest flax, and a largely increased weight of sinker. The new line weighed less
than 10 pounds to the nautical mile, and was measured, waxed, and carefully wound
on reels of convenient size when issued for use, Naval vessels were furnished with it
about 1850, and some notable successes were achieved by its use, showing that it
was & move in the right direction; yet frequent failures and discouragements were
euncountered,

Lient. William Rogers Taylor, of the U. 8, 8, Albany, introduced the systematic
use of the time interval, which was an important improvement and continued to be a
marked feature in deep-sea sounding until the successful introduction of wire, when
its importance greatly diminished ; indeed, it was of no service as far as the sounding
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Nowmenclature,
a. Sinker.
b. Sounding ryd.
. 8ui!ls.
d. Cireulating valve,
¢. Detacher.
5 Pin,
g. Link.
A, Sluogs.

THE BROOKE DEEP-SEA SOUNDING APPARATUS.

F:IG. 1. Rod_inserted in the sinker and the latter suspended to the detacher remdly for sounding.
1@, 2. Sectional view of the detacher in position for releasing the slings; it shows also the lower part of the
specimen cup in section,
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itself was concerned, but was and is still recorded to show comparative results
under the varying condltlom of actual practice.

The explorations of the U. 8. 8. Dolphin from 1851 to 1853, under Lieutenants
Lee and Berryman, were accorded a prominent place among the notable achievements
of the day. They used the apparatus just deseribed, introducing from time to time
such improvements as experience suggested, and uuder their hands the science of
deep-sea sounding mpldly approached a practical basis. They sounded from boats,
which were held in position by the use of the oars, operations being confined to .
smooth or moderate weather. They used waxed twine, observed time intervals, and,
the sinker having reached the bottom, the sounding line was cut, no effort being made
to recover the weight. Submarine telegraphy was assuming great importance in the
public mind at that time, stimulating invention in everything pertalmng to the
development of ocean depths.

BROOKE'S DEEP-SEA SOUNDING APPARATUS.

In 1854 Passed Midshipman John M. Brooke, United States Navy, devised a simple
and effective method of detaching the sinker and bringing up a specimen of bottom soil.
This timely invention (plate x1v) marked the beginning of an entire revolution in the
appliances and methods of deep-sea sounding and remaius the acknowledged progeui-
" tor of all the various forms of sounding rods and detachers that have been introduced

to the present time. It is no longer used in its original form, yet a brief description
will be given to show how completely the principle of his apparatus is retained in all
subsequent modifications, which are little more than successive refinements of his
simple mechaunism.

The sinker is a spherical shot cast with a hole through it and shallow grooves on
opposite sides to guide and steady the slings. A number of goose quills are shown in
the lower end of the specimen cup, held in placé by their own elasticity, intended to
act as collectors and foot valve. A leather circulating valve opens outward from the
upper end of the cup, which allows free circulation of water through it during its
descent, but closes and protects the contents while it is going up.

The rod and detacher are so designed that the former retains a vertical position
during the descent of the sinker. ‘When it reaclhies the bottom its weight is removed
from the detacher and the latter falls by its own gravity, thus releasing the slings
and freeing the sinker from the rod after it has performed its function of carrying
the latter rapidly to its destination and pressing it into the bottom soil to secure the
desired specimen.

In 1856 the U. 8. 8. Arctic, Lieutenant Belryma,n, made a cable survey from

Newfoundland to the coast of Irdaud which may be considered the first deep-sea
-sounding expedition in which an approach to modern appliances and methods was
successfully nsed. The line was of flax, 1 inch in circumference, wound on a steam
reel arranged to work from the bow of the vessel. The Brooks apparatus was used .
with sinkers about 150 pounds in weight, and the depths were checked by a Massey
self-registering sounding machine.

The results of the survey, although accurate for the time, were at first somewhat
discredited from their having discarded the time interval, but in the light of modern
experience it is evident that the officers of the Arctic, who were certainly the best
judges, considered their methods and results reliable without its use. The secret of
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their success is attributable to the Massey machine combined with a comparatively
heavy detachable sinker, controlled in its descent by an intelligent application of the
friction brake, which stopped the reel promptly when bottom was reached. . The
line weighed about 200 pounds to the nautical mile and would have carried a sinker
of 500 pounds with safety, thus materially increasing the rapidity and -accuracy of
the work. : :
The Stellwagen and the Sands cup leads, with nondetachable weights, were among
“the many devices bronght forward for sounding. They were both excellent for use in
shallow water, or moderate depths where the lead can be recovered.

Belknap describes the
Sands cup as follows:

A key, a, holds the tenon b
into the bottom of the deep-sea
lead, into which tenon is screwed
the tube ¢ (which is conical at
the lower end for penetrating the
bottom), over which moves a
cylindrical sliding valve d, with
flange ¢, which, resting on the
bottom when the lead reaches it,
is pushed up above the elliptical
hole f, in the side of the tube for
the admission of the specimen,
and closed by the spiral spring g
(when the lead is free from the
bottom), which keeps it firmly
down on the rest-pin A, prevent-
ing the washing out of the speci-
men in’ the jerking motion of
hauling in the line by hand. The
tube is unscrewed from the tenon,
and the specimen emptied out at
the upper end.

Cur 27.—Sands cup, side and sectional views.

The material of the specimen cup is brass; it is easily attached to an ordinary
deep-sea lead, and may be used to advantage in moderate depths. Sands subsequently
added to hiscup a detachable sinker composed of two hemispheres of cast iron with
suitable grooves on their flat surfaces to take the rod where they were held in place by
appropriate studs and springs, which also released them on contact with the bottom.

British naval officers were also active in-deep-sea sounding and did much toward
its advancement; the ¢“bull dog?” apparatus, a modification of Ross’s ¢ deep-sea
clamm,” was introduced in 1860. The forceps are retained but the weight is
detachable. The Fitzgerald and Hydra, both having detachable weights, were
brought out in 1868, and the latter was successfully used on the Porcupine during her
scientific cruise, where with a line 0.8 inch in circumference, weighing 125 pounds to
the nautical mile, and detachable sinker of 336 pounds, they reached bottom at a
depth of 2,435 fathoms at the mean rate of 72 fathoms per minute, about seven-tenths
of the best modern practice with wire.-

This was evidently an exceptional sounding, made under the most favorable
conditions, and can not be accepted as average work, yet it shows marked improvement,
the result of increased weight of sinker.
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H. B. M. 8. Challenger sailed on her celebrated scientific voyage around the world
in December, 1872, six months after the introduction of Sir William Thomson’s machine
for sounding with wire, and at the instance of the inventor one of his machines was
placed on board, but was relegated to the storeroom, where it remained during the
entire cruise notwithstanding the remarkable success attending its introduction into
the United States Navy and Coast Survey.

The successful operations of the Porcupine in. sounding with rope naturally influ-
enced its retention on the Challenger, which was amply

-supplied with the best Italian hemp No. 1 line, 1 inch in
circumference, weighing about 200 pounds per nautical
mile. The Baillie sounding machine, a modification of the
Hydra, was adopted, and it was unquestionably the best
device yet introduced for sounding with rope. It differed
from the Hydra principally in the detacher, which was
much improved; the rod remained practically the same,
and the disk weights were retained. A further increase
in the weight of sinkers to 400 pounds and upward in deep
water, enabled them to obtain good results, although at
the expense of much time and labor. i

The Baillie sounding machine is descrlbed as follows
by 8ir C. Wyville Thomson:

It is represented in perfection in the position in which it is let
goin A, and in section in samme position at B. The tube A is about
5 feet 6 inches in length by 24 inches in diameter. The bore is 2
inches, 8o that the wall is one-fourth inch thick. The principal part
of the tube is of iron. Itis bored near its upper end with a number of
holes to let out the water; it unscrews into two at ¢, and at its lower
end, f, there is a pair of butterfly-valves working inward. A strong
brass cylinder, b, with a diameter equal to thut of the tube, is firmly l}}‘
attached to the upper end; a heavy piece of iron, ¢, works in the brass ‘[I" m"'mmm
cylinder like a piston to the extent of the length of the slots, d, in the i
sides of the cylinder, in which it is retained by a strong square bolt. WI:I “m]n""””
The piston iron is flattened, and it is provided at ¢ with a projecting m““mn""um
shoulder, which, when the piston is drawn out—the bolt being at the MH""‘"‘I""H
top of the slot as in the figure—is well above the top of the cylinder; ‘
but when the piston is drawn down, and the bolt at the bottom of
the slot, the shoulder is just within the npper part of the cylinder.
The wall of the upper part of the cylinder is beveled away to a long
rounded slope.

When to be used, the instrument is hung by the ring to the
sounding line, a sufficient number of weights are suspended on an
iron wire sling, as in the Hydra machine, the tube passing through
the middle of them, and the sling hooking upon the shoulder of the
piston iron. When the tube and weights touch the bottom, the Dbrass eylinder is pushed upward the
length of the slots, and the sling is slipped off the shoulder of the piston iron by the upper rim of
the cylinder and allowed to slide down over its beveled upper end. This is a very simple plan, and the
doing away with the steel spring of the Hydra is an advantage. The larger tube also brings up a
better and fuller snnple of the bottom.

In the spring of 1873, a few months after the departare of the C'hallen(/er, the

U. S. S. Tuscarora, Capt. George L. Belknap, United States Navy, was fitted out for
the purpose of sounding a submarine cable route from California to Japan. She was

Cur 28.—Baillie sounding
machine.
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supplied with a large quantity of rope, steam reel, and other appurtenances, and, in
addition, one of Sir Williamn Thomson’s machines for sounding with wire. It was
furnished by order of Commodore Ammen, chief of the Bureau of Navigation, who
rightly appreciated the great value of Sir William’s invention, in spite of the crude
and imperfect form of the original machine and the cold reception given it by the
Challenger. He was familiar with Thomson’s experiments, thoroughly understood
the preeminent qualities of pianoforte wire for deep-sea sounding, and wisely trusted
to Belknap’s enterprise and inventive genius to supply any deficiencies that experi-
ence might develop in existing appliances.

Brooke’s apparatus was designed for use with rope, as were all devices known at
the time, and the production of a simple form of sounding rod and detacher fulfilling
modern requirements was one of the first and most important problems Belknap had
to solve. He retained the Brooke principle, modified the detacher very slightly to
better adapt it for use with wire, increased the capacity of the cup or cylinder in
order to bring up a larger bottom specimen, substituted a metal poppet-valve in place
of the goose quills, provided for a free circulation of water through the cylinder
during its descent, and protected the bottom specimen from wash during the ascent.
It was introduced by the inventor as the Belknap deep-sea sounding cylinder No, 2,
was successfully used throughout the extended eruise of the Tuscarora, and became the
standard sounding cylinder for deep-sea work in the United States Navy and the Coast
Survey.

THE BELKNAP DEEP-SEA SOUNDING CYLINDER NO. 2.

The cylinder, casting, valves, and valve seats are brass, the rod and detacher of
wrought iron or steel (plate Xxv). The detacher is so proportioned that thelip receives
the wire bail and carries the weight of the sinker in exact prolongation of the axis of
the cylinder, thereby maintaining it in a vertical position until the tension is removed
by ‘the sinker resting on the bottom; the wire is then slackened, allowing the detacher
to fall by its own gravity, slipping the wire bail and releasing the weight, which has -
carried the cylinder swiftly down and pressed it into the bottom soil to receive its
specimen.

The cylindrical casting has a screw at its upper extremity by which the rod is
attached. The upper cylinder head and valve seat are formed by an expansion of the
casting near its center, and a small shoulder a few inches beneath it holds the lower
valve seat in place. The spiral spring and poppet-valve stem are contained within a
eylindrical chamber which serves as guide for both. :

The upper and lower valves have free vertical movement; they are faced with
leather to insure their being tight, and the valve seats are provided with apertures
for the free circulation of water during the descent, when the valves are all kept open
by the upward rush of water through the cylinder, and promptly closed by reverse
action when the upward movement begins, thereby preventing the wash of the bottom
gpecimen in the barrel of the eylinder. ,

The spiral spring is delicately adjusted to retain the poppet valve on its seat
without undue resistance to external pressure, and the adjustable screw stud projecting
below the cylinder is intended to facilitate the opening of the poppet valve, and is of
service only on hard, sandy bottom. The bottom specimen is removed by unscrewing
the cylinder from the casting at ¢.
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THE SIGSBEE SOUNDING-ROD.

The next marked improvement was made by Lient. Commander C. D. Sigsbee,
U. 8. N,, while in command of the United States Coast Survey steamer Blake from 1874
to 1879. Following in the footsteps of Belknap and conversant with his work on the
Tuscarora, he was in a particularly favorable position to take up the general subject
of improved appliances and methods in deep-sea sounding.

The Blake had a Thomson machine for sounding with wire, which Sigsbee used
with great success in his extended examination of the Gulf of Mexico. The first of
his many improvements in deep-sea apparatus was a detacher which he used in con-
nection with Belknap’s cylinder No. 3, followed by a design of his own, a modification -
of Belknap’s No. 2, which after much experience he considered superior to the former for
decp-sea work. Regarding this, Sigsbee says (Deep-Sea Sounding and Dredging):

The results of my experiments showed that a simple eylindrical pipe, open at both ends, could
be plunged far into the sand, which, however, resisted the Llunter forms to a degree that precluded
their adoption, Here was a suggestion—to shape the specimen cup as nearly as possible like an open
cylindrical pipe; to drive it into the botfom material, and to retain the inclosed specimen. Bel-
knap’s sonnding cylinder No. 2 seemed to answer the demands better than anything else, the poppet-
valve being, to my mind, preferable to the butterfly-valve which is sometimes used. Accordingly,
eylinder No. 2 was modified by me in some respects, and fitted with the Sigsbee detacher, after which it
was brought into service on board the Blake. The spring, the cone top, and the fittings for permitting
the escape of water are changed somewhat from Captain Belknap’s plan, but their operation is, in
effect, about the same. It is not intended that this rod shall get a specimen of bottom water.

He enumerates the requirements for a perfect sounding-rod, as follows:

1. Certainty of not detaching the sinker during the descent.

2. Certainty of detaching on striking any character of bottom.

3. Certainty of not rehooking or of fouling with the sinker, in any way, after the same 1ms once
been tripped.

4. Adaptability to getting a specimen from the various kinds of bottom material.

5. Certainty of not grappling irretrievably with the bottom.

6. Certainty of roetaining the specimen against the wash of water in the ascoent.

7. Handiness for extracting the specimen and for cleaning the parts.

8. Freedom f{rom changing its form under the severe pressure in deep water,

9. Strength, simplicity, cheapness, light weight, and freedom from corrosion,

In general there are two ways of detaching a sinker from its rod: (1) By actual
or partial slacking of the sounding wire or rope. (2) Directly by the impact of the
rod against the bottom. The former method is regarded as safer, but sometimes both
are involved in one detaching apparatus. The detacher which depends for tripping

" solely on the resistance of the bottom material is usually more sensitive on hard than
on soft bottom; also, should the sinker glance on the side of a rock or ledge the trigger
or other appliance might not be presented fairly to the blow necessary to upset the
connection which holds the sinker in place. 4

"The action of the orlgnml detacher by Brooke was based on the elimination of the
tension on the line. This is the principle applied in the Sigsbee detacher, and, indeed,
in almost all others approved by persons of experience in deep-sea sounding.

Remarking upon the construction of the sounding-rod, he says:

"1. The pawl and tumbler are made to fit each other in such a manuner that, when connected and
under strain, they are held undeviatingly as shown in figs. 1 and 2—that is, the wire is in the pro-
longation of the axis of the rod. If this be not observed the relation of the leverages of the pawl
and tumbler will be destroyed and the detachier muy be too sensitive, besides which the rod may
incline to a degree that will act somewhat against a vertical desceut.
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2. That part of the lip of the tumbler on which the hail of the shot rests should have the edges '
beveled or rounded, otherwise the edges may be broken up and spread, thus preventing the tumbler
from being thrown back between the side pieces. Thin washers put on either side of the tumbler and
pawl would probably be an improvement.

3. All parts should work freely.

4. The hottom of the specimen enp should have the proper bevel; if too sharp it may retain but
a small specimen, and if too blunt the rod may not penetrate firm material,

5. The spiral spring k should not be so strong as to prevent soft bottomn material entering the
cup; its strength should be sufficient, when the rod is lying flat, to force the valvo smartly to its
seat when the valve is pushed inward and released, and yet not strong enough to seat it by about 1
inch, when the rod is held bottom upwards. The springs for the Blake’s rods are of No. 17 American,
or No. 18 Stubl’s gange spring-brass wire; they are 3 inches in length when not under compression,
and have twelve coils each. Any spring thus made could easily be adapted to the requirements,

< 6. If desired, the rod might be made considerably lighter for very deep work, the present size of
the detacher being retained. On tho scale of plate x vy, the rod and detacher are strong and Landy,
weighing 5} ponnds. The size of the specimen sought should have much influence in determining
the size of the rod. If only an indication of the bottom material were wanted, no specimen for
careful examination being needed, a rod weighing only 2 or 3 pounds would suffice.

DETAILS OF CONSTRUCTION.

The cylinder a, fig. 1, plate Xv1, is a brass tube of commercial pattern, 2} inches
outside diameter and 10 inches in length, rigidly secured to the perforated plate j by
small brass screws, and the valve seat ¢ is soldered to the other extremity of the
cylinder which has its cutting edge sharply beveled as shown in fig. 1. " The poppet-
valve f is of cast brass secured by a drift-pin to its hollow stem, a thin brass tube,
which impinges on the spiral spring &, both traversing the stem freely. Theupper and
lower guide stem is a brass casting enlarged near its center to form the perforated
plate j. The hollow cone ¢ is a brass casting having apertures, p, for the escape of
water; the cylindrieal ring d is soldered to its base.

The detacher is composed of the tumbler m, pawl [, swivel k, and spring x; all
movable parts working on loose brass pins which are held in place by small split keys
of spring brass. The spring is of No. 14 American gauge brass spring wire. The
detacher frame is riveted to the flattened end of the guide stem, in prolongation of it,
- and. there is a screw joint at b, on the cylinder, by which the two parts are separated
for convenience in securing its contents,

TO USE THE SOUNDING-ROD.

To sound and bring up a specimen of the bottom, attach the stray ]ine, which
should always intervene between the wire and soundmg rod, to the swivel ring %, pass
the rod throngh the hole in the sinker, hook the wire bail  over the lip of the tumbler
m, lock the pawl and tumbler and suspend the rod from the swivel ring %, when it will
promptly assume a vertical position. -The cone ¢ remains unseated during its descent
by contact with the shot (fig. 1), and the valve f is raised by the upward pressure of
the water, which then circulates freely through the cylinder, reducing its resistance
and increasing its rate of descent.

‘When the sinker strikes the bottom the tension on the line is relieved and it
becomes more or less slackened, the pawl assumes a horizontal position by its own
weight, releasing the tumbler, which is thrown out of action by the spring n, assisted
by excess of weight at the lip, and thus the sinker is released.

The combined weight of shot, sounding-rod, small lead, and thermometer, alto-
gether about 70 pounds, descending at the rate of 8 to 10 feet per second, forces the
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rod well into ordinary soils, lifts the valve f, and fills the cylinder to a greater or less
extent with a bottom specimen. The reverse motion, when the ascent begins, promptly
closes the valves and protects the contents from wash, to which it would otherwise be
subjected. The specimen is readily removed by dlbcmmectmg the eyhnder at the
screw joint b, which also facilitates the cleansing ot the cup.

Failure to detach the sinker.—The Sigsbee sounding-rod has been used exclusively
on the Albatross since 1882, except during the cable survey between California and the
Hawaiian Islands, when a few No. 2 Belknap cylinders were received and successfully
used from time to time, although the Sigsbee rod was preferred in deep water,

Several thousand soundings have been made with the latter on board the
Albatross without a single failure to detach the shot and bring up a bottom specimen
through any fault of the instrument itself.- Failures from the following causes have -

.oceurred, however, at rare intervals: :
1. The wire bail was too short and brought sufficient tousion on the lip. of the tumbler to sustain

the weight of the pawl by friction of the latch surfaces, a rare oceurrence, possible only through the

determined effort of a muscular man,
2. It has failed to detach in deep water and very soft bottom, from the rod having been carelessly

sent down with the spring # out of action.
3. The rod jammed in the shot by a pebble becoming detached from the scale in the hole, which

had not been properly cleaned. The bail was free.
4. Partially disintegrated volcanic rock was driven into the space between rod and sinker so firmly

that the shot was brought back although the bail was free.
5. Therod struck hard rock with sufficient foree to bruise and distort the bottomn to such an extent

that it would not go through the hole in the sinker although the bail was free.

6. Once during a gale of wind, with heavy breaking sea, the descent of the stern of the vessel
from crest to trough was so violent that it slackened the wire and detached the shot. It is remarkable
that this should have been the only instance of the kind, for the Albatross sounded from the stern in

all conditions of wind and weather.

7. An officer unaccustomed to sounding with wire allowed the reel to ‘“‘run wild” until slack
turns of wire were seen, and, supposing bottom had been reached, hove in the wire, bringing the sinker
back from the few hundred fathoms that had run out. ’

Failures of the rod from any cause were 8o rare as to provoke comment when
they did occur, and it was seldom those mentioned above happened more than once.

The Belknap cylinder. No. 2 failed to detach its shot on a few occasions:

1. In deep water and very soft bottom it sometimes failed to detach promptly, but it was usually
accomplished after repeated efforts, although on a few occasions tho shot was brought back.

2. The rod and detacher unscrewed from the cylinder on one occasion and the latter was lost.

3. The shot was brought back with the bail over the detacher, which had fallen the wrong way
when the wire slackened. It was caused doubtless by the shot landing on rough bottom and capsizing
before it was detached. ‘

The failures wentioned in connection with the Belknap cylinder No. 2 did not
happen with the Sigsbee rod, but such as occurred with the latter are equally liable

to happen with either.
IMPROVISED SOUNDING-RODS.

It may be desirable at times to have a cheaper and lighter sounding-rod, in very
deep water for instance, where small specimens are required, sufficient only to indicate
that bottom has been reached, or the supply of rods may be exhausted by unexpected
losses while at sea engaged in important work which would suffer from the delay
incident to an immediate return to port. Hence any device, however crude, would be
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of great value providing it insured uninterrupted continuance of operations, and it is
hardly reasonable to suppose that a vessel conducting extensive deep-sea sounding
would be without the necessary materials with which to construct some simple and
fairly effective form of rod.

THE SIGSBEE GAS-PIPE SOUNDING-ROD.

In the deep waters of the Gulf of Mexico, where large bottom specimens were not
required, Sigsbee used a sounding-rod of one-half-iuch to three-fourths-inch gas pipe,
20 inches in Iength, with a Sigsbee detacher screwed into one end, and in the other a
metal ball valve to retain a small bottom specimen; an arming of tallow may be used,

' but the valve is preferable. Additional length is given the
eylinder to insure prompt action of the detacher when the
shot reaches the bottom. A ball of lead or other metal
inserted in the pipe with one-eighth-inch clearance and the
lower end of the latter upset sufficiently to form a valve seat
will answer the purpose; there should be a couple of small
holes in the pipe near the upper end for the escape of air and

- water. This rod being inexpensive, light, and offering little
resistance when reeling in, may be used to advantage under
the exceptional circumstances before mentioned.

EMERGENCY SOUNDING-RODS.

Sounding-rods of this description would be used only
when the regular supply became exhausted, and, being hur-
riedly improvised, perfect action or thorough reliability conld
not be expected. They may be made of iron or brass pipes,
spare condenser tubes, iron rods, or flat bars, providing they
have the necessary rigidity. The gas-pipe rod has been
described, and if the facilities are at hand for making the
Sigsbee detacher an effective sounding-rod is assured, other-
wise there is left a choice between the two forms of Brooke
apparatus, the double and single arm detachers.

THE BROOKE DOUBLE-ARMED DETACHER.

‘While this form is not as readily operated or as reliable
Cur29.—The Brookedouble- a4 the single arm subsequently introduced by Brooke and

arm detacher. geunerally adopted, it is the most readily improvised with the
facilities usunally found on shipboard, and deserves a short deseription.

It is composed of two flat arms, alike in every respect, each having a hole through
its lower end for a pin upon which they work, a hole through their upper extremities
to which the bridle is attached, and lips on their outer edges from which to suspend
the sinker during its descent and release it when it strikes bottom.

The single arm detacher has already been described with the Brooke deep-sea
sounding apparatus. Belknap adopted it, and next to the Sigsbee it is the most
reliable. Tts construction is comparatively simple, providing the points of suspension
are maintained in prolongation of the axis of the rod, as shown in the description of
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the Brooke apparatus, and it would probably be the form nsually adopted. To insure -
proper action the relative proportions of the detacher would be determined by
experiment, and it it be made to release the weight at a tension of 11} pounds and
hold on to it under greater strain it can not be far wrong. The Sigsbee detacher trips
at 8 pounds, but it would not be advisable to give an improvised tumbler so small a

margin of safety.
IMPROVISED BROOKE SOUNDING-ROD.

Sigsbee’s gas-pipe rod with Brooke’s single detacher is the simplest and most
effective, providing suitable pipe is at hand; if not, an iron rod may be substituted, the
upper end split to admit the detacher, and a short piece of pipe attached to the lower
end for a specimen cup, substituting the ball valve for the goose quills of Brooke’s
rod. If pipe can not be had, a small chamber can be formed by drilling, in which an
indication of bottom may be obtained by coating the interior with white paint.

I'HE BAR SOUNDING-ROD.

In the absence of other material a serviceable sounding-rod may be improvised
by taking two pieces of flat bar-iron, from 1 inch to 14 inches wide and 2 feet long,
and inserting between them three filling pieces cut from the same bar, placed at
irregular intervals as follows: One at the bottom, one 4 inches above it, and the other
6 inches below the detacher; drill or punch corresponding holes through bars and
filling pieces and rivet them together; smooth the outer surfaces to insure free
passage through the hole in the sinker and adjust the detacher, the bars having been
shaped for the purpose. The interior space between the lower filling pieces, being
coated with thick white paint, will serve as a specimen cup.

LEADS AND OTHER WEIGHTS FOR SOUNDING.

The time-honored lead, so familiar to all mariners as the medium of communi-
cation between the surface and bottom by sounding, retains its place to a great extent
in shoal water, and even in moderate depths, but has been superseded for deep-sea
work by modern appliances. ‘

Hand leads, weighing 7 to 14 pounds, are used in shoal water and cast by one man.

Oogsting leads vary in weight from 25 to 50 pounds. They are used in depths
beyond the reach of the lighter hand lead, and usually when the vessel is under way;
they are now frequently used in combination with wire and pneumatic sounders for
navigational purposes, and depths of 50 to 100 fathoms are readily reached while the
vessel is at full speed. The general introduetion of wire for deep-sea sounding has
increased its range and it is common practice to use it in depths not exceeding 1,000
fathoms where large bottom specimens are not required. A 35-pound lead is used for
this purpose on board the Albatross.

Deep-sca leads range from 75 to 120 pounds in weight and are used for sounding
in moderate depths, with rope; they are no longer in use on board vessels provided
with wire for sounding.

The auxiliary lead, weighing about 4 pounds, is attached to the stray line whenever
“wire is used in sounding to prevent its kinking when the weight of sinker is suddenly
removed by its striking the bottom.
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The shape of leads is practically the same for all sizes; they are octagonal in
cross-section, largest at the base, tapering gradually to the upper end, which is flat-
tened and pierced with a lole through which the lead line is secured; and a
roughened, irregular cup-shaped cavity is formed in the base for the reception of
arming, which is usually of tallow, or a mixture of tallow and white lead.

Mechanical attachments, such as the Stellwagen and Sands cups, have been applied
to coasting and deep-sea leads, and under favorable conditions bring up satisfactory
bottom specimens, but their range being confined to depths within 1,000 fathoms,
where liability to injury from contact with rocky or coral bottom is greatest, they
have not come into general use.

DETACHABLE SINKERS.

The 60-pound spherical shot is the standard sinker in general use on board United
States vessels for deep-sea work. It is about 8 inches in diameter, has a 24-inch hole
through its center, and small eyes or lugs of No. 5 American gauge iron wire are
cast npon opposite sides of its upper exterior surface, to which the ends of the bail are
secured. Sinkers of greater weight have been recommended, and, while the necessity
for increased weights bas not been felt on board the Albatross, where the 60-pound shot
has been in constant use, under all conditions of service, up to depths exceeding 4,000
fathoms, it is possible that in exceptionally deep water, where the weight of wire
largely exceeds that of the standard sinker, or when from any cause the wire can not
be maintained in a vertical position, a 75 or even an 80 pound weight may be used to
advantage. It must be considered, however, that the wear and tear and liability to
accident increases with the size of the sinker.

In sounding with rope of large cross-section, which is peculiarly susceptible to
the deflective force of currents, the preponderance of weight should be largely on the
side of the sinker, while the expert sounder with wire cares little on which side it is.

Experience on the Albatross led to the adoption of a lighter detachable sinker,
which has been used to advantage between 1,000 and 2,000 fathoms, and occasionally
in ‘still greater depths; once, at leastf, a sounding was taken with it in over 3,000
fathoms.

The 35-pound sinker is of cast iron, elliptical in form, 8 inches in length, 53 inches
in diameter, with a 24-inch hole through the center; the wire lugs described in

connection with the 60-pound shot are common to both. .

The advantages attending the use of the lighter sinker within prescnbed limits
are the facility of manipulation, the minimum of wear and tear on sounding machine
and wire, and economy of material. The disadvantages are nominal when operating
in smooth water, but in a heavy sea the loss of time becomes apparent and frequently
of sufficient moment to warrant the use of the heavy weight.

Sinkers are usua,lly made of scrap iron, and ¢ost from 2§ to 3 cents per pound.

IMPROVISED DETACHABLE SINKERS.

Sinkers of the ordinary type are comparatively inexpensive and easily stowed on
board ship, hence a sufficient supply is usunally carried to meet all possible contin-
gencies; yet it has been found necessary to resort to makeshifts rather than suffer
the loss of time and extra expense of an immediate return to port. Sigsbee sounded
successfully in the Gulf of Mexico with a gas-pipe sounding rod and old grate bars,
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an old ash bucket filled with fire brick, ete., and the list of available material may
be largely extended.

If old lead can be had, it would be very easy to cast disks wel ghmg from 10 to 20
pounds, which may be used in series,as on the Baillie machine. In the absence of
better facilities they may be cast in ‘open molds of ordinary deck sand; a little
molasses and flour should be added to give greater congistency, wood or metal being
used for a core.

Cast-iron ballast is readily transformed into smkers shot, shell, and (,.mustel are
equally available; and small c¢hain or wire rigging made up in sultablc coils, chain -
shackles, and pins, links of chain cable, pieces of condemned machinery, and even sand
in tin cans or canvas bags may be utilized. Wire is preferable to hemp or manila for
binding fragments together to form a well-balanced sinker, and it is best for bails also,

LUGS AND OTHER DEVICES FOR SUSPENDING DETACHABLE SINKERS.

1‘he lugs on detachable smkcrs reached their present form through a process of
evolution. Brooke suspended the shot by.slings and washer, as shown with his
apparatus, and Belknap used the same until repeated fouling of washer and cylinder
induced him to substitute wire slings, which consisted of two rings surrounding the
upper and lower quarters of the shot held in place by cross-seizings and two wire
lanyards, one end secured to the lower ring on the sinker, and on the other end small
iron rings to receive the lip of the tumbler and insure prompt clearance when it
tripped. This arrangement prevented fouling, but was found to be rather cumbersome
and required too much time to prepare the sinker for use. ’

Cast-iron lugs on the upper exterior surface of the shot were soon adopted, and
proved to be a long stride 1n the direction of simplicity, certainty of action, and
immuuity from fouling. A single wire bail was used, the ends being secured to the
lugs with large eyes, which permitted it to move freely and oven fall away from
the disengaged tumbler by 1ts own weight., The sole disadvantage attending the
introduction of cast-iron lugs was the frequent breakages caused by the brittleness of
the material.

Bail holes were introduced by Sigsbee, who found cast-iron lugs too unreliable.
They were cast 1n the same relative positions on the surface of the sinker, which insured
convenient and secure attachments for the bail but did not allow the same freedom of
movement.

Iron wire lugs, cast with the shot, were subsequently introduced and are still in
general use. They are in the form of wire staples, cast into the surface of the sinker
parallel with the axis of the central hole, and project above the surface only far
enough to afford convenient attachment and free mmovement of the bail. They are
seldom broken by rough handling, as the wire becomes thoroughly annealed in the
process of casting and subsequent cooling, and they can be bent flatly to the surface.
of the shot without injury.

The wire bails now used with detachable sinkers are of annealed iron wire, No. 8,
American wire gauge, and may be conveniently fitted by first cufting them from the
coil in uniform lengths and bending them over a form to insure a free and uniform seat
for the lip of the tumbler.

Sinkers should not be bailed until they are required for use, and when the
requisite number have been placed in the racks, proceed first to examine the lugs and
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see them properly straightened, then pass the sounding rod back and forth through

the hole, and when satisfied that it moves freely let it remain in the sinker with its

weight resting on the base of the hollow cone; pass the ends of the bail through the
lugs, put the bight over the tumbler, which for convenience has been placed in action

and secured by a seizing of twine, then bend the ends up and take a couple of turns
around their standing parts, leaving sufficient slack to unhook the bail without

displacing the tumbler. This will insure the proper length of bail, which should

suspend the shot just high enough to lift the hollow cone off its seat without bringing

its apex in contact with the shoulder at the upper end of its stem. It is not absolutely

necessary to hold the hollow cone oft its seat during the descent, but by doing so the

sinking of the shot is accelerated in proportion to the power required to lift it by the

ascending colnmn of water in the sounding rod.

Caution should be observed when fitting the bails that no projecting scraps of iron
are left in or at either end of the hole and that all scale is removed from its walls, for
it expands and becomes softened when it is wet; at the same time the material of the

.Cur 30.—Rack for holding sinkers.

sinker shrinks under low temperatures near the bottom, both tending to erack and
disengage the scale, which is liable to jam the sounding rod irretrievably.

Racks for sinkers are necessary on board of vessels engaged in extensive deep-sea
exploration, not only for convenience in bailing and final preparation, but to have a
sufficient number at hand for present use, and also to avoid the necessity of bringing
them on deck and fitting them at night. They should be placed near the soundlng
machive and be capable of holding a dozen sinkers at least.

A serviceable rack can be made from two boards 1 inch thick and 12 inches wide,
placed one above the other, 4 inches apart, and secured by suitable end and transverse
pieces. The upper board has a series of circular holes that receive the sinkers and
allow them to rest on the lower board, which is pierced with 3-inch holes, directly
under the larger ones, to allow for the passage of the sounding rods, and, in order that
they may be passed their whole length through the sinker, the rack should be 10 inches

in height.
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'THE USE OF WIRE FOR SOUNDING.

The first recorded instance of wire having been used for deep-sea sounding was by
the Wilkes Exploring Expedition, 1838-42, In 1849, Captain Barnett, H. B. M. S.
- Thunderer, experimented with it, and during the same year Lieut. J. C. Walsh, United
States schooner Tancy, attempted to sound with it in the vieinity of the Bermudas.
It failed in every instance from practically the same causes, although Wilkes was
unfortunate in the selection of copper wire which was of such low tensile strength
that little margin of safety remained. Barnett used iron wire of large size and
sufficient strength, while Walsh was supplied with three sizes of steel wire, either of
which would have proved successful under proper treatment.

The principal causes of failure were due to insufficient weight of sinkers and lack
of proper control over the reel when paying out, as evidenced by such time intervals
as were recorded, which show a more rapid rate of descent than obtains in the best
modern practice with perfected appliances and a proper relation of weight between
the sinker and submerged wire. These repeated failures brought wire into such dis-
repute that no further attempts were made to sound with it until Sir William Thomson
commenced his experiments in June, 1872, which resulted in totally revolationizing the
art of deep-sea sounding. Commander (now Rear-Admiral) George E. Belknap, U. 8. 8.
Tuscarora, used pianoforte wire successfully in 1873-74. -Commander (now Commodore)
J. C. Howell, United States Coast and Geodetic Survey Steamer Blake, adopted it later
in the same year, and Lieut. Commander (now Commander) C. D. Sigsbee, succeeding
to the command, used it with great success from 1874 to 1878, by which time it had
passed the experimental stage and been generally adopted for deep-sea work.

Wire was first used by the United States IFish Commission on board the Fish
Hawk, Lieut. Z. L. Tanuer, U, 8, N,, on the 6th of August, 1880; then on board the
Albatross, Lieut. Commander Z. L. Tanner, which made her first sounding with wire
on March 22, 1883, and it has since been in constant and successful use on board
vessels of the IFish Cominission.

Sir William Thomson used pianoforte wire of No. 22 Birmingham wire gauge in
his experiments and that size, or sizes closely approximating to it, have been univer-
sally adopted for deep-sea sounding.

The wire in general use for that purpose on board the Albatross is made by the
Washburn & Moen Manufacturing Company, of Worcester, Mass., and called by them
No. 11 music. It is 0.028 of an inch in diameter, weighs 13 pounds per nauntical mile
of 1,000 fathoms in air, 11.3 pounds in sea water, and approximates to No. 21 American
gauge and No. 22 Birmingham wire gauge. Its tensile strength is remarkably uniform,
the mean of many tests giving 207 pounds as the breaking strain; it is highly polished
and resists rust unusually well when in use. It is furnished by the manufacturers
in sealed tin cans, containing 50 pounds, or about 3,850 fathoms, in six coils 84 inches
in diameter, each coil being composed of two pieces of wire. It will be furnished in
any desired length, however, on special order.

The coils are doubled for packing, one being laid on top of the other and carefully
wrapped with the best oiled paper, a liberal sprinkling of whiting, slacked lime, or
other absorbent being inclosed with the wire as a preservative against oxidation.
The packages are placed one above the other in the can, a quantity of whiting
between them, and sealed air-tight; the wire is practically indestructible so long as
it remains in the sealed ean, and, if stored in a dry place, will keep qulte well in its .
paper wrappings after the can has been opened.
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The Albatross has never lost a fathom of American wire from rust in the coil
English wire, No. 22 Birmingham gauge, has Deen used occasionally. Its .tensile
strength was 214 pounds, practically the same as No. 11 music, but it was not as highly
polished as the American wire, and its only protection was an insufficient wrapping of
oiled paper, which was liable to be torn in handling, thus exposing it to the action of
sea air or other moisture, which soon caused it to rust. Losses from this cause were
quite serious and tended to counteract the advantages derived from its cheapness at
first cost. It wasreceived from the makers, Messrs. Webster & Horsfall, Birmingham,
England, in 18-inch coils, made up of pieces from 100 to 400 fathoms in length, the coils
weighing about 60 pounds each.

An excellent quality of American wire, No, 21 gauge, was furnished to the United
States Navy in 1892 by the John 8. Roebling’s Sons Co., of Trenton, New Jersey.
Its teunsile strength ranged from 245 to 255 pounds, and 1t was fairly well polished.
It was slightly larger in cross-section than No. 11 musi¢, which accounts in part for
its greater strength.

PRESERVATION OF SOUNDING WIRE,

It should Dbe received on board in sealed tin cans, which may be advantageously
coated with paint before they are placed in the storeroom. Broken packages are liable
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Cur 31.—Spare sounding ’wire, reel box, and copper tank,

to rust, hence as few as possible should be kept on hand. They may be stored for a
short time with comparative safety, providing the wrapping is intact and the store-room
perfectly dry. A safer plan is to submerge all broken packages in sperm oil.

The following method was finally adopted on board the Albatross: There were
available two service reels, one temperature reel, and one storage reel, each holding
nearly 6,000 fathoms of wire. Both service reels were kept ready for use, with
about 5,000 tfathoms of wire and stray lines attached. When unmounted they were
submerged in sperm oil in suitable galvanized-iron tanks with tight covers. When
mounted, but not actually employed in sounding, the lower part of the reel was
submerged in sperm oil contained in a semicircular copper tank (cut 31) placed
temporarily beneath it, and the oil was distributed over the surface of the wire by
slowly revolving the re(,l a few turns once a day.

When actually engaged in sounding, the surface of the wire on the reel was
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conustantly oiled with rag or sponge while reeling in, and it was wiped with an oily rag
when the intervals between casts exceeded twelve hours.

The temperature reel, with its special wire of large size, and the storage reel, filled
with its sounding wire in readiness to be transferred to the service drums, were
suspended upon their bearings in wooden reel boxes (cut 31) containing semicircular
copper tanks, like that above described, with sufficient oil to submerge the lower por-
tion of the reels, distribution of oil over the surface of the wire being effected by a
few turns of the reels daily as before. The boxes have semicircular covers for the
further protection of reels and wire.

Lime water has been successfully used as a preservative, but it is inferior to sperm
oil for the purpose, and has the further disadvantage of irritating the eyes and aggra-
vating any sores the sounding crew may have on their hands or faces, although this
objection is hardly worthy of serious consideration except when sounding continuously.

Large, strong wire, No. 21 music, approximating to No. 184 Birmingham gauge or
No. 17 American gauge, is used on the Tanner machine, and little or no attention is
given to its protection, except that new wire is imbedded in melted tallow when it
is wound on the reel, and once or twice a year it is reeled off, cleaned with emery
paper, replaced upon the reel, and again imbedded in melted tallow. The life of the
wire under this treatment is about two years. :

METHODS OF SPLICING WIRE.

Sir William Thomson deseribes his method in 1872 as follows:

A splice 2 feet long I have found quite sufficient, but 3 feet may be sufer. The two pieces of wire
- are first prepared by warming them slightly and melting on a coating of marine glue to promote surface
friction. About 3 feet of the ends so prepared are laid together and held between the finger and
thumb at the middle of the portions thus overlapping. Then the free foot and a half of wire on one
side is bent close around the other in a long spiral, with a lay of about one turn per inch, and the same
is done for the free foot and a half on the other side. The ends are then served round l'u'mly with
twine, and the splice is complete.

" This splice is no longer used, (md is given here snnply as & matter of interest in

connection with Sir Williaw’s successful experiments in sounding with wire.
BELKNAP’S SPLICE, ' '
Commander George K. Belknap; U. 8. N., adopted the following splice in 1873:

A long-jawed twist, 2 feet in length, soldered at the ends and at two or three intermediate places,
and served with fine waxed twine.
HOWELL’S SPLICE,

Commander J. C, Howell, U. 8, N., used the following splice in 1874:

A short-jawed twist, total length of splice 3 inches. After the first cross the turns are close
together around standing part, the whole covered with solder, surfuce smoothed, and ends tapered.

This splice was’ successfully used by Sigsbee durmé, his extended exploration of
the Gulf of Mexico from 1874 to 1878.

THE ALBATROSS SPLICE.

This splice was reliable when new, but was liable to strip after extended wear,
It was named from its having been the one adopted on board the Albatross in 1883,

“and is as follows:

The ends-of the wire, being first cleaned for 3 feet or more, are lapped and twisted together with
eight long-jawed turns. The ends and two intermediate points are wound with a few turns of fine.
annealed iron wire, the whole covered with solder, ends tapered, and surfuce carefully smoothed,

¥. C. B, 1896—20
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MAY’S SPLICE,

Lieut. Sidney H. May, U. S. N,, had charge of the Albatross’s sounding apparatus
during the first year of the cruise, and among many useful suggestions was the
following wire splice (plate xvi1), which proved so simple and effective that it was
finally adopted in preference to all others. It is from 6 to 7 inches in length, will
not strip, is quite ﬂex1ble, and practically 1ndestruct1ble. The following describes
the process:

Grasp the wire in a hand vice, lay the end on the soldering board or other convenient place, and
taper it to a fine point with a three-cornered saw file; prepare the other end in the same way, lap
them, put on the first annealed wire seizing, leaving the tapered end free; then take four turns with
the free end and clap on the other seizing; pass the ta.pered ends snugly around their respective

standing parts, using the pliers for the purpose.
Now apply the soldering fluid and cover the splice with solder by drawing it back and forth
through molten solder contained in the grooved soldering board; then taper the ends and trim the

surface with knife, file, and sandpaper.
IMPLEMENTS REQUIRED.

The following implements are required for splicing wire:

1 tinman’s furnace, 1 bottle soldering fluid.
2 soldering irons. 1 soldering board.

1 pair cutting pliers. 1 small bottle of oil.

1 pair small flat pliers. 1 small box of tallow.
1 small hand vise for holding wire. 1 canvas pocket.

1 spool of fine annealed iron wire. 1 soldering lamp.

1 box of soft solder.

The splicing board is of hard wood, 1 inch thick, 6 inches wide, and 2 feet in
length; a groove is cut across its surface, near one end, large enough to hold sufficient
‘molten solder for one splice.

The canvas pocket is the most convenient receptacle for the splicing tools; it is

provided with snitable compartments for each
. article, and is rolled up snugly and lashed when
not in use,

The soldering lamp will be found convenient
in calm, smooth weather; it is an ordinary alcohol
lamp, with a large, round wick and an adjustable
semicircular cup supported above the flame, in
which the solder is placed and kept in a molten
state as long as required. The wire, having been
prepared as directed, is drawn back and forth
through the solder until a sufficient quantity
adheres to the splice, when it is trimmed and
smoothed in the usnal manner.

" The soldering irons may be heated in the fire
- room or galley range in case a single splice is to
be made, and one iron will suffice in the hands of
an expert, yet any delay, however small, will make
, it necessary to use a second one. Almost any
Cur 32.—Soldering lamp. - form of soldering iron will answer equally well
when used with the soldering board, and it is not necessary that the points of the
iron should be tinned.

........



Fig. 7.

MAY’S SPLICE.

Fi16. 1. Tapered ends of the wire, full size.
Fi6. 2. Ends laid together and seizings on.
Fia. 3. Splice partially covered with solder.
F16. 4. The completed splice.

Fic. 5. Splice of sounding wire to stray line.
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Soldering fluid, for use with soft solder, after Haswell’s receipt, has been success-
fully used on board the Albatross,and is considered the best preparation for wire
goldering. It is as follows:

To two fluid ounces of muriatic acid, add small pieces of zinc until bubbles cease to rise. Add
half a teaspoonfull of sal ammoniac and two fluid ounces of water.

Pulverized resin may be used in the absence of soldering fluid, but greater care
will be required in making the splice, and the results are liable to be unsatisfactory,
particularly when splicing old wire,

METHOD OF SPLICING WIRE TO STRAY LINE.

In sounding with wire it is customary to splice about 5 fathoms of slack-laid cod-
line to its working end to take up the slack that ocecurs when the sinker strikes
bottom, and as a convenience for attaching the sounding rod, deep-sea thermometers,
and auxiliary lead. This cord is known as the stray line and is attached to the wire
in the following manner:

At a point about 5 inches from one end of the stray line stlck the wire twice
agaiust the I&y fig, 5, then pass it with the lay from 4 to 6 inches, and again stick it
twice against the lay. Cut the wire to the proper length, clap a seizing of waxed
twine over the places where it was stuck against the lay, carefully covering the end
of the wire to prevent its catching when reeling in. It now remains to complete
the end of the splice: Put wire and stray line under moderate tension, lay the wire
in the center of the line by passing the free end of the latter around it, put on a
temporary seizing, trim the strands down to a point and serve over the taper with
waxed twine. This makes a neat and secure splice which outlasts the stray line and
reels in without danger of catching on guards or fairleader.

Tanner’s link was devised by the writer as a simple method
of quickly attaching wire and stray line in case either should
break while sounding, thereby saving the time required to make
the regular splice. It consists of a small brass link, through the
socket of which the stray line is drawn and is held in place by a
single wall knot, leaving the opposite end free for attaching the
wire. A stray line fitted in this manner is adjusted in a moment
by taking three turns of the wire around the link, and passing //f
the end closely around its standing part half a dozen times..
Attention will be required in reeling in to guard against the link
fouling when it reaches the machine, but with ordinary care it
may be used until such time as a regular splice can be made
without loss of time,

THE MEASURING REEL.

The service reel being 22.89 inches in diameter, the initial
layer of wire, 0.028 inch in diameter, equals one fathom to the
turn, the next layer a trifle more, and so on, until with a full reel J I
the error would be about 10 inches to the turn; and as the C°” 33‘;’;1111;0 Tavner
register indicates the turns only, a correction must be applied '
to its reading. In order to determine the amount of error, the wire is measured as it
is wound on the service reel by means of the measuring reel (cut 34), which is made
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of cast iron, is 22.89 inches in diameter, and mounted in & cast-steel frame bolted to a
heavy oak bed plate. On the reel shaft between the reel and frame is a worm wheel
which actuates the register.

THE BLADE.

"The blade is used in connection with the measuring reel for transferring wire from

Cur 34.—Meusuring recl,

the commercial coil to the service reel of the sounding machine. Cut 85 is a sectional
elevation, and Cut 36 n general view of the blade used with American wire. It is

&

Cur 385, Cur 86.

made of oak, has an iron screw and washer at the top of the spindle to hold the reel
in place, a galvanized-iron disk that slips over the reel above the coil of wire to prevent
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slack turns from flying off, and a galvanized-iron base rim around the reel to retain
slack turns that slip down from the coil.

Cut 37 is a general view of the blade used with English wire, which is put up in
larger coils than the American. It is constructed entirely of oak or other hard
wood, and is a,d,]ubta,ble by means of a series of holes through the disk into which
pegs are set. The transfer of wire will be greatly facilitated by securing the blade
to the deck during the operation by the means of screws, socket bolts, or other
convenient method. :

l‘RANSFERRING AND MEASURING WIRE.

The service reel is mounted on its machine, its face cleaned and oiled, hand cranks
and register are shipped, and the latter carefully oiled and examined to see that it
works properly. '

The measuring reel is placed directly in the rear of the sounding machine, and
the blade in the rear of the reel and in line with both. The sealed tin can in which
the wire is received is opemned, a coil taken out, removed from the paper, and placed
on the blade; the wire stops are cut, the free end of the wire led out, and three turns
taken around the measuring reel in such a manner that the register will count ahead
during the transfer. The end is then taken to the service reel, and clinched through

Adjustable blade. Measuring reol. Working reel.

Cur 37.—Measuring and transferring wire.

the hole provided for this purpose. The two men at the blade reel back the slack
wire, the recorder sets both registers at zero, and takes his station for reading the one
on the measuring reel, the officer in charge watching that on the service reel. The
cranks are manned and the transfer begins, the reel being turned at any desired speed.
One of the men at the blade puts a tension on the wire by pressing his hand against
the side of the blade.

The recorder calls out “mark!” at every 50 fathoms registered by the measurmg
reel, the officer in charge reads the register on the service reel at the same instant,
and this being recorded the difference between the two readings shows the error at
that point. This process being carried on until the reel is filled, furnishes data from
which a correction table is made, by which soundmgs can be corrected readily by
inspection.

A correction table is a,lwa,yb available for the same reel or any other of like .
dimensions, provided the wire is the same size and the amount does not exceed that
for which the table was constructed. o

The necessary data having been obtained as above described, it is advisable to
construct a correction curve, frame it under glass, and hang it in some convenient
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place to serve as a check on the table that is usually copied into the record book for
daily use at the sounding machine; it will also furnish a graphic method of detecting
errors in the computation and application of corrections taken from the table. The
following figuves are taken from the original record of the measuring and transfer
of 4,677 fathoms of wire from the commercial coil to the service reel of the Sigsbee
sounding machine on board the Albatross, and demonstrates, through the regular
increase in the column of differences, the remarkable accuracy attainable by an
expert in guiding wire evenly upon the reel, besides furnishing complete data for the
construction of correction curve or table.

[Correction table, Navy steel reel, No. 2. 'Wire, No. 11 music.]

g | & g | & g |k g |k
o, @ . @ . o .

" £3 2 . 273 2. 83 g g3
AR AN AT LRI AT AR
sf || § | sf | SE|E | sf|sE| B |sE 5T £
55 | 52 | B | 8% |3 | B | 2% | 23| & || 2% || B
:° g8 | & |5 |88 | & |8 |®E | 2 | E |Ef| 2
= =] B s = " E] s = g E b
=] -4 ] “ “ 2] =4 Z = “ = -]

50 50 0 50 1, 160 10 50 2, 205 ' 45 50 3,452 102

100 100 0 1, 200 1,211 11 2,300 | 2,347 47 3,400 | 3,505 {, 105

50 50 1] 50 | 1,262 12 50 | 2,399 49 50 | 3,558 108

200 200 0 1,300 1.313 13 2,400 | 2,451 51 3,500 | 3,611 111

50 50 0 50 1,364 14 50 2,503 53 50 3, 664 114

300 301 1 1,400 1, 415 15 2,500 | 2,555 55 3,600 | 3,717 117

50 351 1 50 1, 466 16 50 | 2,607 57 50 3,770 120

400 401 1 1, 500 1,517 17 2,600 | 2,659 59 3, 7b0 3,823 123

50 451 1 50 1, 568 18 50 | 2,711 61 50 | 38,876 126

500 502 2 1, 600 1,619 19 2,700 | 2,763 63 3, 800 3, 029 129

50 552 2 50 | 1,671 21 50 | 2,816 66 50 | 3,983 133

600 602 2 1,700 ; 1,723 23 2,800 | 2,869 69 3, 900 4,037 137

50 652 2 50 | 1,775 25 50 | 2,922 72 50 | 4,001 141

700 703 3 (], 800 1,827 21 2,000 | 2,976 ! 7% 4,000 | 4,145 145

50 763 3 50 1,879 20 50 3,028 78 50 { 4,199 149

800 804 4 1, 900 1,931 31 3,006 | 3,081 81 4,100 | 4,253 153

50 854 4 50 1,983 33 50| 3,134 84 50 | 4,307 157

800 905 5 2,000 2, 035 35 3,100 3,187 87 4,200 4,301 161

50 956 6 50 |/ 2,087 37 50 | 3,240 90 60 | 4,415 | 165
1, 000 1, 007 7 2,100 2,139 39 8, 200 3,203 93 4, 300 4, 469 169

50 | 1,058 8 650 2,101 41 50 | 3,346 96 50 4,523 173
1,100 | 1,109 9 2,200 | 2,243 43 3,300 | 3,300 99 4,400 | 4,577 177

Splices occur at the following intervals, in fathoms: 100 295 630 880 1210
1625 1970 2170 2475 2970 3275 3560 3670 3770 4230.

Example: A sounding is made, the register reading 3,050 turns. What is the
depth in fathoms?

Number of vtums on thereel.... ... e e eereeacesaseceseamacssannaencons 4,400 cor. -+ 177

Number of turns registered .... .. .o e 3, 050

Turns remaining onreel . .... ... e e enes 1,350 cor. — 14
Correction for 3,050 HUINS . ... erinena et i tmamimaec e e e -+ 163
Number of turns registered. ... ...cov.eeneevaaaoerinnacmeenanaee unnnenannae g, g?g

Depth in fathoms ...\ ceeitn cmeee it it ar it r e e e A
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[Correction fable. Tanner reel. Wire No. 21, Music No. 17, A, W. G.]

T’ll:lrns on F“th;,’ms Correo- C\;Frns on Futh;ms Gorreg- | Turns on F ai{}n;)ms Correc-
Tool.” | emuT | oo, | gl | oMU | uihims | “reel: | Mo | oo,
25 25 0 25 | 227 2 25 432 7
50 50 0 50 252 2 60 458 8
75 75 0 75 278 3 5 484 9
100 101 1 300 | 303 3 500 510 10
25 126 1 25 320 4 25 536 11
50 | 161 1 50 354 4 50 6562 12
75 176 1 % 380 5 ’
200 202 2 400 406 6

The wire is in one piece, without splices, having been made to order by Washburn &

Moen.
Ezample: A sounding is made, the register reading 425 turns. What is the depth

in fathoms?

Number of turns on the reel. . ... .ven it e ace e 550 cor, -+ 12
Number of turns registered ... ... ... ... il i iicii e 425 .
Turns remainingonreel. ... .. ... . ... ... e e eeeemmeene e 125 cor.— 1
Correction for 425 turns .. ... .. ..l +11
Number of turns registered. ... ...oociue it iiat i it iine ce dere e 425
Depth in fathoms ... ... .o il 436

SIR WILLIAM THOMSON’'S MACHINE FOR: SOUNDINé WITH WIRE.

Plate xviir showing the Thomson machine as it was used on board the Blake
for one season and the description of its operation, the latter in the words of the
inventor, are taken from Sigsbee’s Deep-Sea Sounding and Dredging (page 54). Itis
shown here not only as the first successful apparatus for sounding with wire, but as a
type of the simplest and most easily constructed sounding machine. Sir William
describes the machine and its action as follows:

The wire is coiled on a large wheel (of very thin sheet-iron galvanized) which is made as light as
possible, so that when the weight reaches the bottom the inertia of the wheel may not shoot the wire
out so far as to let it coil on the bottom. The avoidance of such coiling of the wire on the bottom is
the chief condition requisite to provide against the possibility of kinks, and for this reason a short
piece of hemp line, about five fathoms in length, is interposed between the wire and the sounding
weight, so that, although a little of the hemp line may coil on the bottom, the wire may be quite
prevented from reaching the hottom.

A galvanized-iron ring of about half a pound weight is attached to the lower end of the
wire, 80 as to form the coupling on the junction between tho wire and the hemp line, and to keep the
wire tight when the lead is on the bottom and the hemp line is slackened. The art of deep-sen sounding
is to put such a resistance on the wheel as shall secure that the moment the weight reaches the bottom
the wheel will stop. By the ‘‘moment” I mean within one second of time. Lightness of the wheel is
necessary for this.

A measured resistance is applied systematically to the wheel, always more than enough to balance
the weight of wire ont. The only failure in deep-sea soundings with pianoforte wire hitherto made
has been owing to neglect of this essential condition. The rule adopted in practice is to apply
resistance, always exceeding by 10 pounds the weight of the wire out. .Then the sinker being 34
pounds, we have 24 pounds weight left for o moving force. That, I have found, is amply sufficient to
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give a very rapid descent—a descent so rapid that in the course of half an hour or fifty minutes the
bottom will be reached at a depth of 2,000 or 3,000 fathoms. The person in charge watches a counter,
and for every 250 futhoms (that is, every 250 turns of the wheel) he adds such weight to the break-cord

“as shall add 3 pounds to the force with which the sounding wheel resists the egress of the wire.
That makes 12 pounds added to the break resistance for every 1,000 fathoms of wire run out. The
weight of every 1,000 fathoms of the wire in the air is 144 pounds. In water, therefore, the weight is
about 12 pounds; so that if the weight is added at the rate I have indicated the rule stated will be
fulfilled. So itis arranged that when the 34-pound weight reaches the bottom, instead of there being
a pull or a moving force of 24 pounds on the wire tending to draw it through the water, there will
suddenly come to be a resistance of 10 pounds against its motion. A slight running on of the wheel—
one turn at the most—and the motion is stopped.

The sounding was made without a hitch of any kind, but the reel showed signs of
weakness soon after he began reeling in the wire and the 34-pound weight of sinker,
which is referred to by Sir William as follows:

After about 1,000 fathoms of wire had been got in the wheel began to show sigus of distress. I
then perceived for the first time (and I felt much ashamed that I had not perceived it sooner) that
every turn of wire under a pull of 50 pounds must press the wheel on the two sides of any dinmeter
with opposing forces of 100 pounds, and that, therefore, 2,240 turns, with an average pull on the wire
of 50 pounds, must press the wheel together with a force of 100 tons or else something must give way.
In fact, the wheel did give way, and its yielding went on to such an e)gtent that when 500 fathoms of
wire were still out the endless cord which had been used for hauling would no longer work on its
groove.

Sir William realized the necessity for iinprovement and encouraged inventors to
take it in hand. Captain Belknap, U. 8. N,, was tl.e first to use it, practically, and
he soon remedied its greatest fault by devising a reel capable of withstanding the
enormous crushing strains incident to actual service. He was very careful at first
about increasing the weight of reel, lest its greater inertia should destroy its useful-
ness, but he soon found that a few pounds more or less was a matter of indifference
to the practiced marine surveyor. Improvements have been introduced from time to
time in this and other countries, but the principle of the Thomsen machine is invari-
ably retained. ’ ' :

THE SIGSBEE MACHINE FOR SOUNDING WITH WIRE, AND ITS ACCESSORIES,
AS USED ON BOARD THE ALBATROSS.

This admirable machine was constructed by Mr. D. Ballauf, Washington, D. C.,
under the personal supervision of the inventor, Commander C. D, Sigsbee, U. S, N.,
and is still in good condition after constant service of fourteen years. A fewimprove-
ments have been added from time to time, yet it remains essentially the same as when
received from the hands of the maker.

The aim of the inventor was to design a machine that should be light, strong,
simple in structure, easily manipulated, and accessible in all its parts, yet compact
and susceptible of snug stowage when not in use; hence steel was used whenever
practicable, and brass was utilized for the minor parts where immunity from oxidation
was of more importance than great strength,

It is secured to an iron bedplate by the clamps fand compressor g (plate XI1x),
and projects over the stern e sufficiently to allow the wire a clear passage from the
machine to the water when rigged out for service, and is entirely within the line of the
stern when rigged in. The wooden frame d surrounds the Sigsbee machine and
supports the working platform and the Tanner machine. The platform consists of
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Nomenclature.

a. Bed plate, cast steel.
b. Bed plate, oak.
c. Bed plate, iron. N
d. Wooden frame surrounding the Sigsbee
machine and supporting the Tanner ma-
chine and gratings.
e. Stern of vessel.
f. Clamp, iron.
¢g. Compressor, brass.
h. Hinﬁed frame, cast steel.
i. Guide frames or accumulator tubes, steel.
i‘. Reel frames, cast steel.
. Cap, copper.
{. Accumulator pulley, brass.
m. Fairleaderandswivelpulley, steeland brass.
7. Brace, iron,
o. Guys, flexible steel-wire rope.
2. Reel, cast steel.
q. Wire clamp, lignum vite.
r. Wire guard, brass faced with leather.
8. Brake, steel faced with wood.
t. Register, brass.
u. Reeling engine, cast-iron frameand cylinder.
v. Driving pulley, cast iron.
w. Steam connection, iron pipe.
«. Belt, ratline stuff.
y. Tif:htening palley, brass.
z. Belt-tightener, brass and steel.
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