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PREFACE

Propulsion is treated in Appendix A. Readers should
keep in mind the distinction between an air-breathing
engine (diesel, gasoline, steam) and an electric motor. Peri-
scopes are described in Appendix B.

Fiscal year (FY) refers to the year ending on 30 June.
For example, FY 14 began on 1 July 1913 and ended on
30 June 1914; “Submarine 1914” was the submarine buiit
under the FY 14 program.

The main documentary sources consulted for this work
are the correspondence of Secretary of the Navy/Chief of
Naval Operations (RG 80) in the U.S. National Archives
{NARS), the correspondence of the Bureau of Construc-
tion and Repair (RG 19 in NARS}), the papers of the General
Board (now in NARS), the papers of the Board on Con-
struction (NARS, RG 80), and the papers of the Under-
water Warfare Division of the Office of the Chief of Naval
Operations (Operational Archives, U.5. Naval Historical
Center). I also greatly benefited from a microfilm series
of miscellaneous plans of the Bureau of Construction and
Repair that are filmed in numerical order (the originals of
the rolls are now held by the Portsmouth Naval Shipyard).
They include some summaries of bids for early U.5. sub-
marines. Other sources, such as the papers of the Naval
War College, are cited specifically in the text.

A printed source that deserves special mention is
John D. Alden, The Fleet Submarine in the U.S. Navy (Annap-
olis, Md.: U.S. Naval Institute, 1979).

I am very grateful to Jim Christiey (who illustrated this
book) and to John Alden, both of whom kindly read and

criticized a draft of the book; Mr. Christley also greatly
assisted my research. Commander Alden very kindly al-
lowed me access to his correspondence with Admirals
Andrew McKee and Armand F. Morgan, written in con-
nection with his fleet submarine book. Nicholas Lambert
assisted me with, among other things, access to the draft
of his new book, tentatively titled The Influence of the Subma-
rine upon Naval Strategy 1898-1914 {an expanded version
of his Oxford University D.Phil. thesis), to be published
in 1995. He, too, read and criticized a draft of this book.
I benefited from their comments, but [ am responsible for
whatever errors remain. As always, I want to thank the
staff of the Naval Historical Center, particularly of its Op-
erational Archives and of the Navy Department Library,
and the staff of the military records division of the U.5.
National Archives, particularly Dr. Richard von Doenhoff.
Thanks also go to A. D. Baker, III, Ned Beach, Mary Cher-
pak of the Naval War College Archives, Steve Finnegan of
the Submarine Force Museum {Nautilus memorial), Chuck
Haberlein, Mark Henry, Paul Lepinski of Kollmorgen
Corp., Terry Lindell, Dr. E. R. Lewis, Michael Pokalyko,
James Patton, and C. C. Wright.

This bock could not have been written without the
loving support and encouragement of my wife, Rhea. Her
equanimity and her excellent sense of humor sustained me
through a difficult, complex, and lengthy project, much of
it conducted during a year which was difficult for both of
us. She particularly encouraged me to follow up the many
and often labyrinthine issues my research raised, and she
served as a very friendly, vet perceptive, critic of my drafts-
manship.
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Introduction

THE TYPE OF submarine described in this book no longer
exists. Essentially a surface ship that could submerge to
hide, it had limited underwater performance and endur-
ance. Underwater power, once exhausted, had to be re-
newed by an air-breathing (usual diesel) surface plant.
Only on the surface could the submarines make much
distance. They kept to the surface whenever that was safe:
atnight in enemy waters and in daylight away from enemy
eyes. Radar allowed U.5. World War Il submarines to
surface in daylight, even in waters nominally controlled
by the enemy, by warning them in time to dive as aircraft
approached. After the submarines’ enemies received their
own radars, the surface was no longer safe, day or night.
The Germans and Japanese encountered this situation
during World War II. At the end of the war, the U.5. Navy
assumed that its own submarines would face the same
sort of opposition, and it developed a different kind of
submarine (often converted from the earlier types). The
new submarines are the subject of a companion volume,
UL5. Submarines since 1945: An Hlustrated Design History.
Who designed U.5. submarines? Responsibility was
split among three independent bureaus, each responsible
only to the secretary of the navy: (1) Construction and
Repair (C&R) for hulls and overall configuration; (2) Steam
Enginering (SE, later Engineering; both are denoted by
BuEng in this book) for propelling machinery; and (3)
Ordnance (BuOrd) for weaponry.! In theory, the Bureau
of Navigation (BuNav), the operations and personnel
branch, represented fleet views.” C&R and BuEng merged
in 1940 to become the Bureau of Ships (BuShips). Although

BuOrd had lost control over the design of torpedo craft
in 1894, its Naval Torpedo Station at Newport, Rhode
Island, was the main experimental base. As long as subma-
rines were considered experimental craft (i.e., to about
1904), they were assigned to BuOrd on completion.

Any warship is a compromise among the ship qualities
that the materiel bureaus represented, so the bureaus’
independence and equal status caused problems. In 1889,
the secretary sought to coordinate the bureaus by forming
the Board on Construction, an advisory board consisting
of the bureau chiefs {including the senior line officer, the
chief of BuNav).

The U.S. Navy found itself in this position because
Congress abhorred the idea of any permanent military
staff. It sought to ensure civilian control by concentrating
authority in the hands of the civilian secretary. The sys-
tem’s inability to develop and implement consistent naval
policy had little noticeable impact on U.S. surface ship
designs of the late 19th and early 20th centuries. Technol-
ogy was evolutionary, and the implications of particular
decisions were well understood. However, this “non-
system” was ill suited to the development of entirely new
types of warships, such as submarines.

The Spanish-American War shook the 19th-century na-
val administration just as the U.S. Navy bought its first
usable submarine. Clearly, the secretary could not be his
own operational commander. Because Congress rejected
a naval general staff, Secretary of the Navy Herbert Long
formed an advisory war planning organization, the Gen-
eral Board. War planning was the first sustained conscious

The submarines described in this book were submersible surface warships, diving mainly to conceal themselves in the face of the
enemy. Much of the World War Il submarine development in the United States was intended to improve their surface performance,
including their ability to detect enemies in time to dive. USS Mingo (5SS 261) is shown at Mare Island, 17 July 1945, with changes
circled. On deck, forward of her bridge fairwater, she has a twin 20-mm mount (with guns removed); firing over it is a single manually
operated 40 mm gun. Aft on deck, a single 5 in/25 wet mount has been installed. The short whips circied atop her periscope shears
are SPR-1s intended to detect enemy radars. Her own 5] and SV radars, circled, were expected to detect enemy aircraft and to make
possible night surface attacks. The circled object atop the bridge is a target-bearing transmitter (TBT) used to designate targets in night

surface attacks.
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analysis of U.S. naval policy. Plans naturally carried impli-
cations for the overall shape of the nascent U.S. fleet.
From October 1900 on (for the fiscal year ending 30 June
1902), the General Board prepared an annual building
program. In 1903, it added comments on the appropriate
characteristics of the ships. The Board on Construction
commented on these proposals, and a conference commit-
tee had to be called to reconcile the differences between
the two boards. From then until 1909, the Board on Con-
struction prepared its own annual recommended building
programs.

The General Board gained enormous prestige from its
first chief, Adm. George Dewy (Admiral of the Navy, and
thus the most senior naval officer). Members included the
chief of BuNav and the chief intelligence officer and his
principal assistant (after 1901, this seat was filled by the
president of the Naval War College). In theory (as ex-
pressed in 1901 by Admiral Dewey), the combination of
the General Board, the Naval War College, and the Office
of Naval Intelligence corresponded to a German-style
Great General Staff—naval intelligence collected informa-
tion, the General Board made plans on the basis of that
information, and the War College evaluated the plans and
also trained the staff officers who would execute the war
plans. Before 1914, the General Board met each summer
at the Naval War College. Its Newport location placed it
close to the fleet’s exercise grounds, as well as the Naval
Torpedo Station. Students at the War College would have
come into close contact with the pre-1914 submarines,
based at Newport, that exercised in Narragansett Bay.

As the navy’s “think tank,” the Naval War College
used its students to test both war plans and many pro-
posed warship types on its gaming floor. For example,
it was partly responsible for early U.S. interest in fleet
submarines, War College gaming was also responsible for
some important post—World War I submarine tactics that
helped to shape submarine design.

Some younger naval officers, induding Comdr. William S.
Sims, the future admiral who would command U.S.
naval forces in Europe during World War [ (WW 1), saw
the General Board as the means by which the fleet’s views
could prevail over the technological conservatism of the
bureaus. The advent of all-big-gun battleships was their
opportunity. The bureaus opposed this innovation.? The
reformers charged that even when the bureaus did design
modern battleships, the ships were terribly flawed. In
1908, the General Board was made responsible for the
formal characteristics to which U.S. warships would be
designed. To many, the innate conservatism of the bu-
reaus (or their unwillingness to admit technical error) was
most strikingly illustrated by BuOrd’'s World War Il refusal
to admit that the MK 10 magnetic exploder of its Mark 14
submarine torpedo was dangerously flawed. The General
Board did not, and could not, altogether solve the
problem.

Consequently, from 1909 on, U.S. warship designs
were tied to U.S. war plans. Between the two world wars,

for example, ships were designed specifically to fight the
most likely enemy, Orange (Japan). Typically, a specialist
on the General Board developed tentative “single sheet
characteristics” for a projected class. C&R preliminary de-
signers developed alternative sketch designs in the spring
(“spring styles,” after women’s fashions, because data
were needed for appropriations bills that had to pass be-
fore the beginning of the fiscal year on 1 July). Representa-
tives of the materiel bureaus and the fleet testified at Gen-
eral Board hearings held to draft characteristics for
submission to the secretary of the navy. The character;stics
generally reflected a chosen sketch design. The level of
design detail involved in a spring style varied consider-
ably. By the end of WW I, the secretary’s approved charac-
teristics generally reflected a fairly elaborate preliminary
design. Once the characteristics had been set, this was
developed into a contract design on the basis of which
shipyards could bid. The lead shipyard for a class devel-
oped detailed plans (working drawings) from the contract
design. BuEng practice was quite different: contract draw-
ings generally left a blank space for machinery, and a
contactor developed preliminary and detailed machinery
arrangements.

C&R had no experience designing submarines. The
navy therefore bought complete designs, just as it bought
airplanes. Most importantly, C&R could not offer the navy
any independent judgment of the trade-offs inherent in
submarine design. Coensequently, to a great extent, the
navy had to accept the design policy chosen by the
inventor-producer.! Enjoying a near-monopoly, Electric
Boat Company largely shaped early U.S. submarine evolu-
tion. In 1909, for example, the General Board turned to
Lawrence Y. Spear, the company’s designer, rather -han
to a U.5. Navy constructor, to be educated about trade-
offs in submarine design. There were other influences;
the growing corps of U.S. submariners had definite ideas,
but Electric Boat remained dominant prior to 1914. Subma-
riners sometimes alleged that the company retarded prog-
ress by always incorporating its patented devices in its
submarines.®

Electric Boat angered some naval officers by what they
saw as undue use of political influence. In its early years,
the company considered it necessary to use Congress to
overcome a conservative naval establishment. The Board
on Construction was particularly skeptical of Electric
Boat's claims because USS Plunger, designed by Joha P,
Holland (who originated Electric Boat’s submarines), had
been such an abject failure.®

The navy needed its own submarine designers and
builders. It designated Portsmouth Navy Yard its specialist
builder and, in June 1914, ordered a Lake boat (L-81. In
1916, Electric Boat’s design O-1 was ordered from the
same yard. Emory S. Land, a naval constructor, had been
assigned to submarine duty with the C&R preliminary
design office in 1915. To gain practical knowledge, he went
to sea on board as many Atlantic Fleet submarines as he
could. His experiences convinced him that the submari-
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On the stocks at the Lewis Nixon yard on 18 January 1901, A-1 illustrates typical single-hull construction. The pressure hull is
wrapped around the frames, and any tankage is inside. Bulkheads for some tanks have already been installed. Framing for another
boat is visible through the frames. (Submarine Force Museum and Library)

ners were right in opposing the small coastal submarines
espoused by Electric Boat and the General Board. He
championed the 800-tonner they wanted and prepared
its preliminary design (for the Navy version of the S-
class submarine, alongside competitive designs by Lake
and Electric Boat). Now that C&R had adequate exper-
tise, it claimed responsibility for all future submarine pre-
liminary (outline) designs. Portsmouth prepared work-
ing plans of Land’s submarine and built several to its
design.

Electric Boat nearly went bankrupt when new subma-
rine construction essentially ceased after WW L7 It was
saved largely because its subsidiaries made diesel engines,
electric motors and associated equipment, and motor
yachts. U.S. submarine construction was kept alive by

the Portsmouth Navy Yard, which did not need a steady
stream of contracts to justify maintaining its skilled design
and construction staffs. With one exception, after Electric
Boat reentered the program in the 1930s, it never again
designed a submarine all the way from initial concept to
final drawings. Like Portsmouth, it functioned as design
agent that developed contract as well as working plans.
Postwar, Electric Boat developed both preliminary and
detailed designs for many nuclear submarine power plants
but not preliminary designs for complete submarines. (It
did develop many contract designs.)

The General Board’s supremacy could not last; it was
not designed to run an operational navy. The Office of
Operations {OpNav), headed by the chief of naval opera-
tions (CNOQ), was formed in 1915. The CNO was senior
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Walrus illustrates a typical U.S. submarine hull form: double hull amidships and single

1l

Launched incomplete on 20 September 1946

hull at the ends. The free-flooding superstructure was not fitted. The structure visible amidships was a trunk leading up to the

conning tower (which was not fitted). Walrus was never completed. (Electric Boat)
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Under construction at Mare Island on 2 January 1941, the submarine Silversides illustrates
double-hull construction. The inner circular section is the pressure hull; the framing, which
surrounds it, supports a thin streamlined outer hull. Such a configuration leaves the interior
of the pressure huil unencumbered by framing and allows for a streamlined outer hull whose
shape is not determined by the need to resist water pressure.

naval officer but he had no direct authority over operating
forces or over the independent bureaus. OpNav responsi-
bilities grew enormously once war broke out in 1917, Op-
Nav also gained precedence over the bureaus, though
they revived their independence after the war. In 1917,
OpNav established a London Planning Section to support
Admiral Sims, commander of U.S. naval forces in Euopean
waters. After the war, this section was folded into OpNav.
It naturally became concerned with both characteristics
and the overall shape of the building program, and for a
time in 1920 it was not clear whether the General Board

would retain its responsibility for characteristics. The
board’s primacy was reaffirmed, although the CNO was
its presiding officer until 1931. OpNav took over the pri-
mary war planning and training roles. The boundary be-
tween its responsibilities and those of the General Board
began to blur; OpNav’s offices included more submarine
expertise than the General Board could muster. Too, the
CNO served as acting secretary of the navy when the
latter was absent or incapacitated, a particularly important
consideration during the administration of Franklin D.
Roosevelt.
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Submarine development was retarded (compared with
that in Europe) partly because, before 1915, the submarine
service was quite decentralized and lacked a school to
develop unified doctrine and to propose new materiel. In
June 1907, in connection with a query about developing
submarine tactics, the General Board suggested that an
officer of command rank be appointed to the Bureau of
Navigation (i.e., to the closest approximation of a naval
staff) and, to ensure continuity, be in charge of developing
the torpedo flotilla, which then included submarines. Al-
though he never had a title, Comdr. (later Capt.) Charles
C. Marsh became the BuNav submarine specialist who
evaluated various proposals submitted by the submarin-
ers.! Between 1909 and 1911, Lt. Comdr. Ridley McLean
served as the General Board’s submarine specialist.” On
leaving, he proposed that a chief submarine officer be
appointed to the staff of the new aide for operations (a
forerunner of the CNO) to oversee both characteristics
and operations. These ideas bore fruit during WW I. A
postwar proposal to form a separate submarine bureau
(analogous to the Bureau of Aeronautics) failed, but an
OpNav undersea warfare division eventually grew into
Op-02, Deputy Chief of Naval Operations for Undersea
Warfare (now N87).

In June 1915, all submarines other than two small divi-
siens in the Philippines were grouped under Adm. A. W.
Grant, who flew his flag in the old cruiser Chicago.'® He
started the submarine school at New London. It became
a center for submarine thinking and for the evaluation of
new materiel. Grant was relieved by Adm. S. 5. Robinson
after Grant opposed sending U.S. submarines to Europe
in 1917, on the justifiable (but uancceptable} ground that
they were unprepared for European conditions. The Navy
Department selected Capt. Thomas C. Hart, who had
made a name as commander of the submarine division in
Hawaii, as Robinson's chief of staff. Robinson naturally
wanted to appoint his own man, so he offered Hart the
submarine school. Hart demurred, and he was appointed
instead to command submarines assigned to European
waters.

In July 1918, Hart was brought home as OpNav director
of submarines. Admiral Robinsen was still in New London
and far from the center of policy making in Washington.
Hart became, in effect, the senior U.S. submariner. He
approved the Q-boat operations {see chapter 6). Admiral
Robinson’s centralized submarine command was broken
up, partly (according to Hart) because his flagship was
badly wanted for escort duty. By October 1918, Hart was,
for all practical purposes, commander of the U.S. subma-
rine force. About the time of the Armistice, he began
to hold Submarine Officers Conferences in Washington;
these conferences were responsible for postwar cruiser
submarine concepts. Hart left office in June 1920, and
his submarine desk was eliminated in June 1922, but he
continued his close involvement with submarines. Serving
on the General Board in 1936-1939, he was responsible
for the decision to build two smaller submarines of the
Marlin type.

When the fleet moved to the Pacific in 1919, the direct
tie between the naval establishment in Washingto1 and
the operational submarine fleet lapsed. Hart's successful
solution was to reestablish a regular Submarine O-ficers
Conference consisting of submariners assigned to Wash-
ington duty. It first met in October 1926. The conference
seems to have been most important very early in its career
when U.5. submarine design was changing most rad .cally.

OpNav would not become preeminent again until WW
II. In December 1941, Adm. ErnestJ. King would become
commander in chief of operational U.S. naval forces and
in March 1942, aiso CNO. Through his vice chief of naval
operations (VCNO), he would control naval materiel, in-
cluding submarine production and outfitting,

The central problem of submarine design is underwater
control. A submarine could easily take on cnough water
to make her submerge. Unfortunately, water generally
has the same density throughout its depth. Once beneath
the surface, a submarine heavier than water just <eeps
sinking. The hull contracts under water pressure, so as
the submarine goes deeper, she becomes more dense and
loses more buoyancy. Similarly, if enough warer is
pumped out to make her lighter than water, she rises until
she surfaces. Yet, to be useful, a submarine has to be
controllable below the surface and able to rise anc dive
at will.

Robert Fulton seems to have been the first to try a
dynamic solution: water flowing over a hydroplane (z hori-
zontal rudder), in effect, a wing in the water, could gener-
ate sufficient force to keep a slightly buoyant submarine
below water (the hull itelf also generates some dynamic
force). As long as the submarine kept moving through the
water, she could stay down. Slight buoyancy macle for
safety because the submarine would pop to the surface
as soon as she lost way. Dynamic forces can also keep a
slightly heavy submarine from sinking deeper. Such a
submarine is an underwater airplane.!!

Holland realized that Fulton had also solved another
problem. Many 19-century submarines were inherently
very unstable underwater because they were desigred to
dive with partly filled ballast tanks (e.g., to compensate
for local variations in water density, to maintain exactly
neutral buoyancy underwater, and thus not to sink uncon-
trollably). If the submarine trimmed slightly fore cr aft,
water rushed to one end of the tank; this free-surface
effect increases the up or down angie. Inventors tried to
compensate by pumping water fore or aft or by moving
weights, but such methods were never effective. The un-
derwater airplane did not have to be neutrally buoyant.
She could dive with full ballast tanks, whose cor tents
could not slosh back and forth. Small tanks near her center
of gravity, where free surfaces had little effect, could be
used for fine adjustments.

Submarines varied in the arrangement of their hulls
and ballast tanks. Single-hull submarines, such as Hol-
land’s, had bailast tanks inside their pressure hulls.
Double-hull submarines had thin outer hulls wrapped
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Launched on 22 November 1942, Puffer illustrates the typical combination of hull and superstructure. The streamlined double hull
(with single-hull ends) is surmounted by a free-flooding superstructure (“casing,” in British parlance). The limber holes along its
side forward of the bridge allow air inside to escape quickly as the submarine dives. The holes farther forward are to flood the bow
buoyancy space (vents on top trap air in it). Earlier double-hull submarines had no separate superstructure, only a ship-shaped outer

hull.

partly or completely around their pressure hulls, with
tankage in between. Often, the outer hull was ship-shaped
for better surface running (the pressure hull has to be more
or less cylindrical, for strength underwater). Submarines
were generally double-hulled over only part of their
length. A double-hull submarine could have her framing
between the hulls, thus increasing useful space inside the
pressure hull but making access to the ballast tanks more
complicated. There was also an intermediate type, the
saddle-tank submarine, in which the ballast was carried in
bulges alongside the pressure hull. All three types also had

free-flooding superstructures (casings, in British parlance)
above their pressure hulls and tanks. The superstructure
provided freeboard for surface running, and sometimes
it was partly watertight to provide extra buoyancy to ride
over waves.

Simon Lake’s submarines were unusual in having
partly watertight (controlled-flooding) superstructures
above what amounted to single hulls with internal ballast
tanks. In Lake’s gasoline-powered boats, the superstruc-
ture generally contained the fuel tanks. Lake’s submarines
were described as double-hulled but were quite different
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A hull section at the World War II Manitowoc Shipyard illustrates typical U.S. double-hull construction, with tankage wrapped
completely around the circular-section pressure hull. The ends of such a ““fleet boat” were single hull because it was difficu t to
get into very narrow tanks to maintain them and the pressure hull inside.



from conventional double-hull submarines, in which the
outer hull was wrapped more or less completely around
the inner hull.

Some other points of hull nomenclature are important.
A submarine’s conning tower is a pressure hull structure
attached to the main pressure hull. This structure is not

INTRODUCTION 9

generally streamlined, so it is surrounded by a nonwater-
tight fairing, or fairwater or fairwater/bridge (the entire struc-
ture above the submarine’s deck is often erroneously
called a conning tower). Often, the fairwater is sur-
mounted by shears that support the retractable periscopes
and masts.

U.S. submarine designers were much influenced by German U-boat practice, largely as revealed by U-boats like this one, taken

briefly after World War 1. 1-111 is shown in American service.
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Beginnings: The Age of Manpower

A UINE caN be drawn from the first American submarine
inventor, David Bushnell, to the precursor of all modern
U.S. submarine designers, John P. Holland. Bushnell
seems to have inspired Robert Fulton. Fulton’s successful
experiments probably inspired craft used by both sides
during the Civil War. Their successes led to the foundation
of the Naval Torpedo Station at Newport in 1869. Torpedo
then meant a moored mine or a charge on a spar projected
ahead of a submarine or small boat (self-propelled “auto-
mobile” torpedoes were in their infancy). The officers at
Newport studied not only the weapons but also their carri-
ers, which were sometimes difficult to distinguish from
the weapons. The station naturally became a focus for
those trying to sell submarines to the navy, and the officers
gained insight into the problems of submarine design.
One of them, W. W. Kimball, recognized in Holland’s
work the first workable solution he had seen. His encour-
agement (described in chapter 3) was one key to Holland’s
acceptance and success.

In 1775, Bushnell designied and built the submersible
Turtle for the specific purpose of breaking the British block-
ade of New York harbor. He seems to have worked on
underwater warfare, initially on the problem of building a
successful mine, while attending Yale College (1771-75).!
Bushnel! substituted propellers for the oars of previous
inventors. Turtle had slight positive buoyancy and nor-
mally floated with 6-7 in of conning tower above the
surface. To submerge, the operator used a foot pedal to
flood the bilges. He could eject water by means of a pump.

Once the boat was at near-neutral buoyancy, depth could
be adjusted by turning a vertical (haul-down) screw, ap-
parently the first to be designed for a submarine. She was
propelled by a second screw, mounted in her bow and
operated by a hand or by foot pedal. For safety, she could
jettison her 200-1b lead keel (there were also 700 1b of fixed
lead ballast}. Alternatively, her operator could surface com-
pletely by pumping out the bilges. When near the surface,
the operator could breathe through a tube, which closed
automatically when Turtle submerged.? As a measure
of how little changed during most of the 19th century, this
design still seemed quite sophisticated when Turtle was
included among newer submarines in an 1875 lecture at
the Newport Naval Torpedo Station. Real change awaited
the appearance of a practical underwater power plant.
Completed at Saybrook, Cennecticut, in QOctober or No-
vember 1775, Turtle had been financed largely by Bushnell
but with some money from the state of Connecticut. Word
almost immediately leaked to the British. Aware of the
submarine’s threat, they presumably kept a more alert
lookout and posted picketboats whose crews might have
been able to sink the small Turtle as she porpoised during
her approach to the target. Bushnell canceled his orignal
plan to attack in Boston Harbor when British forces evacu-
ated that city in March 1776. Bushnell then turned to New
York Harbor. When his chosen operator, his brother Ezra,
fell ill, Bushnell requested Gen. George Washington ask
for volunteers. Sgt. Ezra Lee was chosen. He set out on
the night of 6 September 1776. After having been towed

Bushnell’s Turtle was the first American submarine. This cutaway model is in the submarine museum at Groton, Connecticut. The
cask on the back of the submarine is its weapon, containing 150 Ibs of black powder with a clockwork time fuse, for a delay of up to
12 hours. Abaft the vertical propeller atop the hull is the screw by which means the bomb (which was roped to it) would have been
attached to the hull of a target. Once the screw was firmly attached, the boat was expected to submerge to release it and the bomb.
The operator's hands hold cranks for both propellers; there were also foot pedals.

Visible in the lower part of the boat are the forcing pump for water ballast and the rudder control rod (the control bar would be
depressed for port and raised for starboard). The operator sat on a transverse beam not visible here (it was inside the reinforcing
band). Visible atop the hull is the hatch with its deadlights and, on the left, a ventilation pipe with a valve that would seal underwater.
Not visible are 200 Ibs of lead ballast that could be released on a 50-ft line, to be recovered if possible. (Submarine Force Museum and

Library)
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as far as possible, Lee submerged to attack HMS Eagle,
the British flaship. He later reported that he had been
unable to fasten his limpet mine to the ship’s hull. As he
withdrew in failure, the British spotted his craft and a
boat pursued him. When Lee cut the mine loose, it drifted
toward the British anchorage, where it exploded spectacu-
larly and apparently caused the British to move their ships
downstream. Bushnell tried twice more, from Fort Lee,
New Jersey, later in September. On 6 October, the British
sank the sloop carrying Turile. The submarine was sal-
vaged but seems to have seen no further action.

In 1797, Robert Fulton, probably inspired by Bushnell,
offered a submarine to France.® The following year the
minister of marine rejected the favorable report of a com-
mission convened by the Directory (the governing body).
Then Napoleon came to power; the new minister of ma-
rine, P. A. L. Forfait, had been a member of the 1798
commission. On 13 July 1800, Fulton first tested his subma-
rine Nautilus on the Seine.

Fulton used diving planes instead of Bushnell’s haul-
down screw, His cigar-shaped (elongated) hull accommo-
dated a multi-man crew, driving his screw by hand cranks
rather than by Bushnell's foot pedals. Fulton was the first
to provide a submarine with a separate cruising power
plant for surface mobility, in this case sails. She was soon
provided with a flat deck, 20 it x 6 ft, for use on the
surface. Jars of oxygen supplemented the air in the boat.*

On her first trial, Nautilus carried a three-man crew
underwater for 45 min. (Fulton later estimated that the
air in his boat would last a four-man crew 3 hr.) Forfait
then recommended another test further downstream at
Rouen, where the river was deeper. After diving twice in
25 ft, Nautilus moved to the sea at Le Havre. Fulton once
stayed at sea for 3 days in September 1800. A gale once
forced him down for 6 hr; he breathed through a metal
tube. Two British brigs weighed anchor before he could
attack them .’

Fulton was given 10,000 francs in March 1801 for more
tests at Brest. He installed a large deadlight to supplement
the candle he usually burned. He also developed a towed
“submarine bomb,” to swing into a target. During the
summer of 1801, Fulton cruised off Brest and looked for
targets, but the British were aware of him and took appro-
priate precautions. Disappointed, he broke the boat up
that fall. He later wrote that he had lost interest in the
submarine because it was difficult to manage underwater;
he was more interested in mine warfare. Forfait was inter-
ested mainly in the submarine. In October 1801, he was
replaced by a more traditional officer, Adm. Denis Decres,
who abandoned the Fulton project altogether.®

Fulton left for England in 1804. There he designed a
much improved double-hull submarine, with the boat-
shaped outer hull measuring 35 ft x 10 ft x 8 ft (depth)
and the cylindrical inner (pressure) hull, 24 ft x 6 ft.” As
in later double-hull submarines, the space between was
for ballast. The inner hull would accommodate six people
and sufficient provisions tor 20 days at sea. As in the

earlier boat, Fulton estimated that the air inside would
suffice for 3 hr. Like the French boat, the new subrrarine
would have two breathing tubes, one for discharge and
one for intake, She would carry 30 bombs, each containing
100 1b of powder, Unlike Nautilus, this boat would have
a haul-down screw at the bow but no diving planes. Ap-
parently, Fulton planned to lie submerged in ambush (ei-
ther at anchor or using the haul-down screw} until after
dark, then surface to attack. The submarine, Fulton wrote,
“must be considered as a masked battery which can lie
secure in the neighborhood of an Enemy, watch for an
opportunity to deposit her cargo of Bombs, and retire
unperceived.” The Admiralty was far more interested in
Fuiton’s drifting mines, which it tried unsuccessfully in
combat,

At least one later potential sponsor, President Thomas
Jefferson, was far more interested in Fulton’s submarines
than in his mines. Fulton published an account of his ideas
on mining (including primitive surface torpedo boats),
Torpedo War and Submarine Explosions, in 1810. He con-
ducted some U.S. tests but never got the backing he
sought.

Presumably inspired by Fulton’s experiments, Con-
gress passed the Torpedo Act of 3 March 1813: anyone
who destroyed a British ship would be paid half her value.?
At least three ““torpedo boats” operated unsuccessfully
against the British fleet off the U.S. coast that year. One
might have been a Bushnell-type true submarine built at
Norwich, Connecticut. She dived “like a porpoise” after
attacking HMS Ramilles in August 1813.° Silas Halsey re-
portedly operated another submarine in New London har-
bor in 1814.1°

Fulton's book was reprinted at least once in the United
States (in 1834), and it was translated into French. Al-
though interest tended to be concentrated in mines, they
were often related to submarines. For example, Germany's
Wilhelm Bauer, one of the more successful submarine
inventors during the mid-19th century, designed a sub-
marine for the purpose of attaching a 500-Ib mine to an
enemy ship.!! It is not clear to what extent Bauer was
inspired by Fulton’s success, but by his time Fulton’s ideas
and, more important, the knowledge that Nautilus had
been a technical success, were certainly widely circulated.

Like the American Revolution and the War of 1812, the
Civil War excited many would-be submariners. When the
Confederates seemed to have the upper hand in the form
of their ironclad Merrimack (CSS Virginia), the U.S. govern-
ment badly wanted a submarine capable of dealing with
her. Once Monitor won her battle, the Confederates were
clearly at a gross disadvantage and became much inter-
ested in submarines.

A Frenchman, Brutus de Villeroi, designed the first
submarine commissioned into the U.S. Navy: Allivator,
built by Neafie & Levy of Philadelphia, Pennsylvania, un-
der government contract.'? She was 46 ft x 43 ft > 6 ft
(depth), powered by folding oars, with a crew of 16 plus
her commander. She had a pair of air purifiers (one chemi-
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Alligator Plan
{June 1862}

Alligator Elevation
(June 1862)

Alligator was the first submarine bought by the U.5. Navy. She is shown as completed, with feathering vars for propulsion (they were
later replaced by a conventional propeller). The object below the boat in the elevation drawing is its explosive charge. Waterlines are
shown for both the awash and fully submerged conditions; note the air pipe for use when fully submerged (at shallow depth}. {Jim

Christley)

cal to make oxygen, one a bellows to force air through
lime) and was armed with two explosive charges. Alligator
was launched 30 April 1862 and officially taken over by
the U.S. Navy in June 1862. She arrived under tow at
Hampton Roads on 23 June after a trip through the Chesa-
peake and Delaware Canal. A proposed attack on an im-
portant railroad bridge at Petersburg, Virginia, on the Ap-
pomattox River, was abandoned because the river was too
shallow there and flowed too fast. Alligator was towed to
the Washington Navy Yard for trials and then for refit
(installation of a 3-ft screw propeller in place of the earlier
oars); she returned to Hampton Roads on 24 March 1863."
By this time, de Villeroi was gone, taking with him the
secret of his air purifier. Alligator departed in tow of Sump-
ter for Port Royal on 1 April 1863 but ran into a storm and
foundered the next day. She had no successors in the
Union navy.

The Confederates did not always distinguish between
true submarines and semisubmersibles intended to attack
awash, with the idea that their low silhouettes would not
be seen until it was too late. Many of the latter were
called ““Davids” (as in David versus Goliath). The first
Confederate submarine might have been built in 1861
by the Tredegar lron Works of Richmond, Virginia, for
operation on the James River. Most records of Confed-
erate special attack craft were deliberately destroyed be-

fore the end of the war, so no details of this craft have
survived."

The first Confederate privateer submarine was the
three-man Pioneer, built in New Orleans, Louisiana, in
1861-62 by John K. Scott, Robert F. Barrow, Baxter Wat-
son, and James R. McClintock. They were granted a letter
of marque on 31 March 1862 but had to scuttle their boat
to avoid capture when New Orleans fell. Like Fulton’s
Nautilus, she was cigar-shaped but not cylindrical. She
had diving planes at her fore end and rudders at both
ends (connected, for control by one man) and an air pipe.
Two men drove the crankshaft of the propeller. The com-
mander, well forward, controlled the rudders, diving
lever, and air cock; he had a compass and a depth gauge.
The weapon was probably a towed charge, with the sub-
marine diving under her target.”

The sureties for the bond (for the letter of marque) were
H. L. Hunley (Barrow’s brother-in-law) and H. J. Leovy.
After the fall of New Orleans, Hunley joined McClintock
and Watson to build a somewhat larger submarine at Park
and Lyons, Mobile, Alabama. The boat reportedly foun-
dered in bad weather in Mobile Bay en route to picking
up her first crew. Like Pioneer, she was not cylindrical (she
was later described as of oblong section). She was better
streamiined fore and aft and, unlike Pioneer, had only a
single, conventional rudder aft.'®
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Throughout the Civil War the Confederacy sought to deny the Union the advantages of its larger fleet, This sketch,
which appeared in Harper's Weekly (2 November 1861), was prebably the first to show a Confederate submarine. The
boat was purportedly intended to operate on the James River, specifically to destroy the Union squadron—headed
by USS Minnesota—there. The following year the Confederate ironclad Virginia (ex-Merrimack) aimost achieved this
end, though Minnesota survived.

R j{‘“
.

The Confederate submarine Pioneer is shown at the Spanish Fort on Lake Ponchartrain, northeast of New Orleans, abouat
1880. Her propeller hub (without blades) is on the stern at the left; the rudder and diving planes are in the bow, at right,
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A contemporary sketch shows the Confederate submarine H. L. Hunley, which made the first recorded successful underwater
attack. The spar torpedo projects to the left.

i lisenn—-C, Swle-Stack,— 1. bunilion-looe—in Guad-Ei

Alstilt’s Confederate submarine, as shown in Harper's Hlustrated Weekly, 10 June 1864. It is by no means clear that this boat was actually
built, but a similar drawing appeared in Lt. Barber's 1875 lecture on submarines, which John P. Holland read. This seems to have
been the first proposal for a dual power plant boat, with steam for surface running and batteries for use submerged.
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Hunley then built another submarine at Park and Ly-
ons, the famous H. L. Hunley. She was basically a length-
ened version of the earlier boat (for greater propulsive
power, eight rather than four men, for a speed of about
4 kt).”” She was elliptical, rather than boatlike, in section,
about 35 ft x 5% ft.!® Like Pioneer, she had diving planes
forward and ballast tanks in the tapered sections at
her ends. She also had a sectional drop keel. As did her
predecessor, Hunley had a breathing tube, in this case
two 4-ft lengths of 1.5-in pipe with elbows. Also, like
Pioneer, she was originally designed to pass under her
target as she towed a 90-Ib charge on a 200-ft line. She
could stay submerged for # hr without using the air tubes;
her crew relied on a burning candle to indicate oxygen
consumption on board. Hunley spent most of her time
awash, sometimes with the two hatches open for venti-
lation.”

Privateering was soon abandoned, and Hunley was of-
fered to Confederate Gen. P. G. T. Beauregard. With little
chance of action at Mobile, Beauregard ordered Hunley
shipped overland to Charleston, where she arrived on 15
August 1863; her intended target (which she was unable
to attack) was the big, ironclad New Ironsides. Two weeks
later, the swell of a passing steamer swamped her at the
dock. Only her commander, Lt. J. A. Payne, who was in
the open hatchway, escaped. While lying near Fort Sum-
ter, she capsized and again sank (Payne and two crewmen
survived). During a submerged run on 15 October 1863,
she became unmanageable and sank, killing all on board,
including Hunley.? Like many other submarines of her
time, Hunley found it difficult to level off, and thus tended
to dive into the bottom. Beauregard refused to let her dive
again; she would attack only awash.

Armed with a 90-1b charge on a spar, she went out on
17 February 1864 under command of Lt. George E. Dixon
of Mobile, one of her two builders. Attacking the Union
corvette Housatonic, she was sunk, probably swamped by
the explosion of her spar torpedo. This time she was not
recovered. Housatonic was the first operational warship
sunk by a submarine.

Late in 1863, a Confederate by the name of Alstilt re-
portedly built a much more sophisticated submarine,
American Ram, out of sheet iron. She was about 65 ft long,
with an internal deck running her length. The machinery,
compressed air, and gear for operating the two rudders
{(horizontal and vertical) were above the deck; below were
compartments for water, coal, and other supplies, Alstilt’s
boat was driven by steam on the surface and by two electric
motors when submerged. Alstilt dived by flooding bailast
tanks fore and aft and expected to cruise 3 ft below the
surface, where there was still enough light by which to
steer. He seems to have been the first to use a dual power
plant of more or less a modern type. (Although storage
batteries had been recently invented, it is unlikely that
Alstilt used them, so his steam engine would not have
charged the batteries in modern fashion.) Presumably,
Alstilt’s boat was scuttled before Mobile surrendered, but

she was included in a lecture by Lt. F. M. Barber (BuQOrd),
“Submarine Boats and Their Application to Torpedo Oper-
ations,” at the Naval Torpedo Station, Newport, in 1875
(Holland probably obtained a copy).?

The Union navy was well aware of the Confeclerate
submarines but developed none of its own; there was no
massive Confederate fleet to counter. Small boats were
armed with spar torpedoes to destroy the few Confeclerate
ironclads blocking major rivers; one of them blew up Albe-
marle in a celebrated 1864 action.

The other important U.S. submarine of this period was
the “Intelligent Whale,” a private venture presumatly in-
spired by the naval events of the Civil War and by reports
of the French submarine Le Plongeur. Designed by Scovel
5. Meriam, she was begun in Newark, New Jersey, in
1863 by Augustus Price and Cornelius S. Bushnell. They
provided the capital for what became the American Sub-
marine Co. A government loan also might have been in-
volved, and ownership was litigated for some years. The
Whale was completed in 1866, by which time the boat
(along with, theoretically, the secrets of her construction)
was controlled by O. S. Halstead of Newark. Halstead
apparently decided to sell her to the government, until
then not an interested party. The report of an Army Corps
of Engineers test was signed by Gen. T. W. Sweeney
(who apparently ordered the test), Col. John Michal,
Col. T. R. Tresilian, and Maj. R. C. Bocking. The Whale
dove successfully with her full crew of 13 in the Passaic
River. After submerging to 16 ft, General Sweeney
emerged from the air lock in a diving suit to attach a 25-
Ib mine to a scow. Reports of this test almost certainly
inspired John Holland, who later made his own experi-
ments on the Passaic River.?

The boat-shaped Whale had dimensions of 26 ft8ir. x 7
ft x 9 ft (depth) and a crew of 6 to 13 (4 men were needed
to drive the single four-bladed screw at 4 kt). She had
vertical and horizontal (diving plane) rudders aft and two
main ballast tanks that could be blown by medium-
pressure air or emptied by pump. She could anchor sub-
merged to let her diver out. Reportedly, she could be
effectively controlled while submerged.

After Sweeney’s successful test, the Navy Depariment
appointed a committee to consider the whale: Commodore
C. M. 5mith, Commodore Augustus L. Chace (chief of
BuOrd), and Edward O. Mathews (chief of the Torpedo
Board) recommended that she be bought for $5(),000.
Ownership was still being litigated. When title was finally
established, she was sold (by sheriff's sale) to the Navy
Department on 29 October 1869; most of the price was to
be paid after a successful trial. Another condition was that
Halstead furnish full details of the boat, including those
of his air purifier. The government took over the While on
27 May 1870 and made a first payment of $12,050 against a
total of $25,000. The first navy trial in September 1872 was
a complete failure, and the secretary of the navy stopped
payment. Halstead died (apparently murdered, presum-
ably by other creditors), and the project was abandoned.



The Whale sat in the Brooklyn Navy Yard for many years;
she is currently at the Washington Navy Yard.*

Other inventors, inspired by the Civil War experience
(and probably also aware that BuOrd was quite interested
in submarines), submitted their designs to Newport. None
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had much impact. In Europe, meanwhile, Robert
Whitehead built his first self-propelled torpedo in 1866. It
was a truly successful (if unmanned) submarine. Holland
would later make much of the analogy between his diving
submarine and the diving Whitehead torpedo.
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The “Intelligent Whale”” was a man-powered submarine bought by the U.S. Navy after the end of the Civil War but never placed
in service. Her success on trial apparently inspired John Holland's far more successful work. The “Whale,”” shown on display
at the old Brooklyn Navy Yard, is now at the Washington Navy Yard.
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Holland and His Rivals

THE INTERNAL COMBUSTION engine, lead-acid storage bat-
tery, and self-propelled torpedo, the three technological
developments that made modern submarines practical, all
reached maturity at about the same time that the U.S.
Navy began to revive during the 1880s. The American
designer John Holland combined them into a successful
prototype for submarines adopted by the U.S. Navy and
several foreign navies, including the British Royal Navy.
At about the same time, the French Navy was developing
its own submarines quite independently. Holland de-
signed a single-hull submarine emphasizing underwater
performance, whereas Maxime Laubeuf, a French de-
signer, developed double-hull craft, which he conceived
as surface torpedo boats capable of submerging to hide.
He inspired submarine designers in Germany and Italy.!

Most late 19th-century submarine inventors used verti-
cal propellers (haul-down screws) to pull down their boats
on an even keel. Holland, preferring to dive at an angle,
used water flowing over planes (diving rudders) to gener-
ate the necessary forces. In effect, he offered an underwa-
ter “airplane”; his rivals designed underwater “helicop-
ters.”” Freed from the problems of synchronizing two or
more separate haul-down engines or motors, Holland
could concentrate on underwater control. Because the
planes continuously applied strong forces, they could hold
down Holland’s boat (or keep her up), even if she was
not neutrally buoyant. She could avoid free-surface prob-
lems by diving with full tanks. Rival boats had to come
far closer to neutral buoyancy; they generally dived with
tanks only partly full. Water was generally pumped in or
out to change depth. That could not be satisfactory: once
water was pumped in to make a boat go deeper, she would
keep sinking until enough was pumped out to make her
light (and so to reverse the process). Then she would rise

until enough water was added to make her heavy enough
to begin sinking again. This sort of instability was bad
enough, but fore-and-aft instability was far worse. Water
in a partly filled tank sloshes forward when the tank tilts
forward (as it does in a submarine trimmed by the bow).
Similarly, it runs aft when the submarine tilts aft. In each
case, the added weight forward or aft increases the boat’s
trim, usually suddenly and disastrously. Designers were
aware of the problem, but their remedies were grossly
insufficient. They could not pump water fore or aft quickly
enough to balance off free-surface motion, nor were
weights moved fore and aft nearly sufficient. Holland
avoided these problems. Because his main bailast tanks
were always full, a small trim did not quickly grow into an
uncontrollably large one. Trim was a static, not dynamic,
problem, correctable by pumping small amounts of water
into or out of tanks small enough that their free surfaces
had little effect. As for Holland's rivals, many boats adver-
tised as level divers were anything but that type. For exam-
ple, on her 1886 official trial, Thorsten Nordenfeldt's Turk-
ish steam submarine plunged by the stern upon firing a
torpedo submerged (i.e., upon suddenly lightening her-
self by the bow).

Detractors argued that a Holland boat might well go
straight to the bottom if she failed to pull out of her initial
dive. Holland’s answer was that because she was held
down only by hydrodynamic forces, she would bob to the
surface if her motor stopped. Holland's very responsive
boat could easily porpoise, coming up briefly to give her
operator a good view through the conning tower dead-
lights and then diving. Holland sometimes argued that a
porpoising submarine needed no periscope.

Holland claimed that he first thought about the subma-
rine problem in 1863, while he was still living in Ireland.2

Holland's Fenign Ram (top) incorporated most of the features of his successful Holland Vi (bottom), except for an inadequate power
plant. The Ram, now in the Paterson, New Jersey, city museum, is shown on the grounds of the New York State Marine School,
Clason Point, where she was displayed between 1916 and 1927. Holland VI is shown in her original configuration, with rudders forward

of the propeller and the muzzle of the after pneumatic gun, at the Erie Basin Dry Dock in Brookyn,

1 June 1898. (Submarine Force Museum and Library)

New York, between 26 May and
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His interest in flight probably led to his concept of the
submarine as an underwater airplane.’ Holland appar-
ently felt that only a submarine could get close enough
to have much chance of hitting a target with the slow
torpedoes then in existence. About 1870, he conceived a
two- or three-man, torpedo-armed harbor defense subma-
rine. To compensate for the large weights of the torpedoes
as they fired, Holland planned to admit water automati-
cally to the spaces they had occupied. Any postfiring dive
would be stopped by compressed air blowing water from
the ballast tanks.*

Holland emigrated to the United States in 1872. He was
offered financial backing if he could interest the govern-
ment in his submarine. He contacted Secretary of the Navy
George M. Robeson, who passed him to Capt. (later Rear
Adm.) Edward Simpson of the Naval Torpedo Station.
Simpson rejected Holland's sketch design for a treadle-
powered, 15.5-ft one-man submarine; without any means
of vision while the boat was submerged, her operator,
Simpson claimed, could not navigate. He also disliked the
design for its lack of motive power. That led Holland to

adopt Brayton’s newly patented oil (petroleum) internal
combustion engine.> Holland argued that a compass
would suffice. F. M. Barber included the design in his
1875 submarine lecture at Newport (see chapter 2). Hol-
land built a 30-in clockwork model of this design and
tested it successfully at Coney Island, New York, in L875.

In 1876, Holland was introduced to the Fenians, a group
of Irish exiles who saw his submarine as a counter to
British seapower. They financed his No. 1, built at the
Albany Iron Works in New York City. Like the 1875 sketch,
this 2.25-ton boat (14 ft6 in x 3 ft; 2 ft 6 in high, exclcding
the conning tower) was man-powered. Like Holland’s
later boats, she maintained stability, both longitudinal and
transverse, by keeping her center of gravity always fixed.
Her diving planes were at the center of buoyancy, just
forward of the conning tower (turret), where they added
considerable underwater resistance. Holland learnec that
he could reduce their resistance by moving them aft. No.
1 was launched on 22 May 1878. Later that year, she was
moved to]. C. Todd & Co. in Paterson, New Jersey, partly
for installation of a Brayton engine. To keep her dstails

The Fenian Ram, John P. Holland’s first full-size submarine (31 ft x 6 ft, 19 tons), embodied many of the features of the Hollani that
he would build nearly two decades later. In this drawing, the plan view is at the bottom. The operator sat above the crankshaft of
the Brayton engine, whose two cylinders lay horizontally, roughly on the boat’s axis (the flywheel, shown as a dashed line in thz side
view, is shaded in the plan view). Through a crank, the flywheel drove an air compressor mounted forward, above a high-pressure
air tank (a second compressor was mounted to starboard). The engine exhausted overboard through a check valve and took its intake
air from the central compartment. Control was exerted through the lever shown (there were two: the left for the rudder, the right for
the diving planes). Holland continued to use levers in his successful Holland of 1897-98. The crew comprised an engineer and a gunner.
The domed tanks at the ends were air spaces to provide positive buoyancy. Inboard of each was a water ballast tank; Holland hoped
that, by placing water ballast closer to amidships, he could avoid the longitudinal instability that plagued other submarine inveators.
He kept the after tank full and the forward tank nearly full (allowing some air to compensate for changing weights, such as oil
consumption and projectiles fired; later Holland boats would have separate compensating tanks). Kingstons for flooding the tan<s are
visible in the boat’s keel. Both tanks were connected to the Kingstons by a duct keel, a feature of later Holland and Electric Boat
designs. The duct keel made it possible for centraily located Kingstons to control the flooding of the tanks and thus greatly simplified
the boat’s arrangement. The tube forward was a 9-in pneumatic (““dynamite”} gun, credited with a range of 50-60 yd underwater,
that fired a 100-Ib projectile 6 ft long. Presumably, the boat could be trimmed so that the gun could be fired through the air, to a range
Holland estimated as 300 yd. (In the later ““Zalinski Boat’” and Holland, the dynamite gun was canted up at an angle; Holland abandoned
underwater fire.)



secret, Holland scuttled the boat in the Passaic River after
completing his experiments. It was later raised and placed
in the Paterson Museum, where it remains.$

Encouraged by Holland’s experiments, the Fenians
bought a second boat, built by the Delameter Iron Works
in New York City {which built USS Menitor), with their
skirmishing fund.” The 19-ton Fenian Ram, with dimen-
sions of 31 ft X 6 ft X 7 ft 4 in (depth), was launched
about 1 May 1881.% Built of 1-in charcoal flange iron, she
had both a ram and a 9-in pneumatic gun firing through
a bow cap.’ The commander, sitting in a bucket seat under
the turret deadlights, controlled both rudder and diving
planes (diving rudders) with levers. The boat also carried
an engineer and a gunner. Holland placed ballast tanks
fore and aft, with two tanks nearer amidships to adjust
the longitudinal center of gravity (the after tank was al-
ways full, but some free surface was left in the forward
tank).

Ram'’s improved two-cylinder double-acting Brayton
engine was rated at 15-17 HP. Holland hoped to run her
submerged on air stored in tanks but then decided to use
the air in the boat (he thought it would suffice for crew
and engine). Holland also thought that the engine could
exhaust overboard against back pressure at depths as great
as 40 ft. His wildly optimistic estimate that he could remain
submerged for 3 days with the engine running was never
tested. Holland claimed that Ram made 9 mph on the
surface (and a similar speed underwater, though that was
not measured).'® While testing Ram, he had a scale mode!
submarine (16 ft long, 1 ton) built at Gannon & Cooper
in Jersey City, New Jersey, to test planned improvements.

Many Fenians felt that the submarines had crowded
out more direct anti-British action. For awhile, it appeared
that the boats might be legally attached. Fenians stole the
Ram and the scale model from their pier in late November
1883. The model sank in tow, and the Ram was laid up
at New Haven, Connecticut. It is now in the Paterson
Museum.!f

By this time, Holland had met Lt. William W. Kimball,
USN, at the Naval Artillery Station at the New York Navy
Yard. Kimball was impressed by Holland’s ideas, as illus-
trated in the 1875 Newport lecture notes. His attempt to
have BuOrd hire Holland was frustrated because Congress
was out of session (hiring even one draftsman required
congressional action). Kimball introduced Holland to Lt.
Edmund L. Zalinski, U.S. Army Artillery, who was sta-
tioned at Fort Hamilton in Brooklyn. Zalinski owned the
Pneumatic Gun Company (which eventually armed the
“dynamite cruiser” Vesuvius). He considered Holland's
porpoising submarine particularly well adapted to his dy-
namite gun. Using a periscope, the helmsman could spot
the target while running submerged, bring the bow to the
surface at an appropriate angle, fire, then dive.

Zalinski hired Holland; together they formed the Nauti-
lus Submarine Boat Company. He ordered a 50-ft x 8-ft
demonstration boat built of wood on iron frames by Cyrus
Plant of Brooklyn. The boat was large enough to provide
the operator with a platform from which he could reach
all of the controls. Like her predecessors, the boat had a
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Brayton engine. An automatic steering vane (tested on
the 16-ft model) was mounted above the rudder, and there
were eight tubular air tanks (4-in diameter, each about 20
ft long). Holland complained that the periscope (camera
lucida) was useless. Zalinski was unlucky; his great oppor-
tunity for a sale, the Sino-French War (in the course of
which France seized Indochina), ended before the boat
was complete. She was damaged on launch (4 September
1885). Raised and repaired, she ran some trials during the
summer of 1886, but the company went bankrupt and the
boat was soon broken up.

By now, Holland had real rivals, both foreign and do-
mestic. The French were beginning a series of electrically
powered short-range submarines. Their Gymnote (1888)
was the first submarine ever accepted by a major naval
power.”? Nordenfeldt, a major Swedish arms manufac-
turer, managed to convince many of his contemporaries
that his steam-powered boats were successful, and he sold
them to Greece and Turkey." They became the standard
against which the U.5. government, among others, judged
new submarine proposals.'

Nordenfeldt used three engines: one for forward pro-
pulsion and two to drive air blowers when awash and to
run two haul-down propellers. For power submerged,
Nordenfeldt stored steam generated on the surface at 150
psi in hot-water tanks, but their free surface caused great
problems. Steam built slowly; it took 12 hr to generate
enough steam to manage much underwater endurance.
Diving was also slow, taking 20-30 min. Horizontal bow
planes, connected to weighted pendulums hanging in a
tank of oil and water, were intended to maintain trim. An
internal counterweight was intended to keep her down
angle within limits when she dived. Neither helped much;
the Nordenfeldt had far too much free water surface to be
stable. Seagoing versions were credited with 15 kt surfaced
and 5 kt submerged, with a surface endurance of 450 nm
{10 nm submerged).

In the United States, Professor Josiah H. L. Tuck com-
pleted his first boat (30 ft > 7 4 ft x 6 ft) about 1883 at
the Delameter Iron Works. She was all-electric and had
vertical and horizontal propellers clutched to the same
shaft, with a 20-ft breathing pipe and an air lock for a
diver.”” Tuck’s larger Peacemaker (1885) used a fireless
(caustic soda) patent boiler to power a 14-HP Westing-
house steam engine. She made several short trips in New
York Harbor. Her planned weapon was a limpet mine.

About a decade later, George C. Baker of Chicago, Illi-
nois {(who was already offering a design) builta 40-ft x 14-
ft, 75-ton submarine at the Detroit Dry Dock Co. on the
Detroit River and tested it at Chicago. The axes of the
propellers on either beam could be rotated to drive the
craft up, down, ahead, or abaft, much as in contemporary
French/Russian Goubet/Drzwiecki submarines (whose
single screws, however, were at the after end and could
not have their axes turned through 90 degrees). As in later
submarines, her air-breathing surface plant (steam in this
case) could be clutched to charge the battery. Her 4 tons
of reserve buoyancy left about 2 ft of hull, with a small
conning tower, above the water when surfaced. The 6-in
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wooden hull was designed to resist water pressure at 75
Si.“’

P Reports from France and Nordenfeldt’s self-promotion
convinced many that practical submarines were at hand.
BuOrd had long been waiting for just this moment. By
the fall of 1886, three or four tentative submarine designs
were on offer. Kimball was at BuOrd in Washington. Sec-
retary of the Navy William C. Whitney strongly supported
competitive bidding for all naval contracts. Kimball sug-
gested asking for bids for a submarine. No specifications
existed. By writing them (subject to BuOrd approval),
Kimbali could largely control the outcome of the contest.”
He was not altogether successful. For example, the bureau
chief, Capt. (later Commodore) Montgomery Sicard, de-
manded that the submarine be able to hover, which Kim-
ball realized required haul-down screws. Kimball argued
unsuccessfully that a dynamically controlled boat, such
as Holland’s, could maintain depth near any destred place
simply by circling. On other points, however, Kimball
headed Nordenfeldt off by emphasizing qualities only
Holland could match.

The Circular of Requirements, issued 26 November
1887, distinguished among surfaced, covered (submerged
to a shallow depth, with water over the highest point of
the shell, but not necessarily cut off from connection with
the atmosphere and with a view of the target), and fully
submerged conditions. It was almost certainly based on
Nordenfeldt's contemporary claims, demanding 15 kt sur-
faced, 12 kt covered, and 8 kt submerged (endurance 30
hr covered, 2 hr submerged at 8 kt, with provisions for
90 hr). The boat had to dive to 150 ft and quickly change
direction by 10 degrees in the vertical, which greatly fa-
vored Holland. She had to maintain positive buoyancy
except when sinking to pass under an obstacle. Air capac-
ity, with purification, had to suffice for 12 hr submerged.
Tactical diameter in any condition could not exceed four
lengths. The boat could displace 40-200 tons, probably
would be powered by 1,000-HP engines, and would be
armed with torpedoes. The winner could expect a $2 mil-
lion appropriation.’®

William Cramp & Sons of Philadelphia, the largest U.S.
shipyard, offered both Holland’s and Nordenfeldt's de-
signs. Tuck and Baker also competed. All the bids were
thrown out because they lacked performance guarantees.
Holland won a reopened competition in 1889 with a single-
screw, steam-powered design.”” Then the first Cleveland
administration ended; new Secretary of the Navy Benja-
min Tracy spent the money to complete surface ships.

By the time that Cleveland was reelected in 1892, Nor-
denfeldt’s star clearly had fallen. Whatever his merits,
Holland had no boat to show. Baker completed a steam/
electric boat in 1892 and was ready to demonstrate it on
Lake Michigan. He thought he could win easily, and he
had the political influence to restart the competition. Hol-

land heoped to repeat his 1888 success. There was also a
new entrant, Simon Lake, who would become Hollund’s
most bitter American rival.?’ Congress appropriated
$200,000 on 3 March 1893; designs were due on 1 April
1893.2

Holland had already formed a new Holland Torpedo
Boat Co. on 5 February 1891. His plans wen again. Baker
tried to block the contract, but it was let on 3 March 1895
and signed on 26 March after Holland had made several
approaches to foreign navies. Congress took responsibility
for the Holland boat despite the opposition of the Board
on Construction. Secretary of the Navy H. A. Herbert
dithered but, as he said later, ultimately decided -o go
ahead because he had the authority and “if we don’t make
experiments we are not apt to keep abreast of the werld.”
In October 1900, Chief Constructor Philip Hichborn re-
called that “when Mr. Herbert became in a mood to accept
the contract for the Plunger,” he asked whether it would
succeed; Hichborn recalled saying that “she would be in
advance of anything that had ever been completed ap to
that time,” although surely she would later be superseded.
Chief Engineer George W. Melville, however, recalled say-
ing at a public meeting in the secretary’s otfice that “he
did not believe the Plunger would amount to a rcw of
pins.”

Holland later blamed the navy for demanding haul-
down screws (two in sleeves, fore and aft). Twin screws
were replacing single screws in surface craft. BuEng ad-
vised Holland to use twin screws, whatever else he did.
Because he wanted a screw on the axis of his spindle hull
(to push it up and down), Holland adopted triple screws,
which he did not want. Kimball recalled that since Capt.
“Condor” (Sir Charles) Beresford in England had set the
fashion of twin torpedo tubes, BuOrd demanded twin
bow tubes. Holland feared they would ruin his hull lines.?

The net result was disastrous: five screws and three
steam engiens, far from the simplicity to be expected in an
experimental craft. Three triple-expansion steam engines
{one 300 indicated horsepower [IHP] and two 600 (HP),
driving triple screws for a speed of 15 kt awash, filled the
middle of the hull and divided it almost completely. The
big Mosher boiler directly beneath the conning tower cre-
ated intolerable heat. There was also a smail compound
engine to charge storage batteries. The 70-HP electric mo-
tor was expected to drive Plunger at 8 kt submerged. Sub-
stantially larger than earlier Holland boats (85 ft x 11 ft
6 in, 154 tons light and 168 tons submerged), she was
built at the Columbian Iron Works and Dry Dock Co.,
Locust Point, Baltimore, Maryland, and armed with two
torpedo tubes (five torpedoes).

Plunger was never completed. Launched on 7 August
1897, she failed dock trials. She became far too hot when
her steam engine ran and was also inherently unstable.
Later, about 1899, Holland offered to replace the steam

The U.5. Navy's first Plunger ( facing page), as designed (top) and as completed (bottom), shows Holland's trademark centerline prcpeller
on the hull axis, to drive the submarine along the line of the hull (which would be angled up or down by the stern planes). A pair
of more conventionally located propellers and a pair of vertical thrusters (bow and stern) were added. The camera lucida was an

abortive periscope. (Jim Christley)
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H

Stern arrangement after initial trials.
quder extensions added in an attempt
to improve steering response.

0 5 10 15 20
S
Scale Feet

Holland’s successful boat, Design No. 6, is depicted as launched on 17 May 1897 with planes and rudders forward of the
propeller and with a second dynamite gun to be fired aft out of the superstructure. {Jim Christley)

engine with an internal combustion engine, but the idea
was abandoned as too expensive, When Holland and his
new partner, railroad financier Isaac Rice, realized that
Plunger never could be made satisfactory within any price
range even close to the appropriation, they tried to con-
vince the navy to take back most or all of the progress
payments and to buy an “improved Holland” as a replace-
ment (see below).” The hulk of Plunger was later brought
to New Suffolk on Long Island, New York, and used to
train navy divers at New Lendon, Connecticut, during
WW 1. Holland’s failure to deliver Plunger blocked his
attempts to sell the navy what he considered a much more
satisfactory submarine. A Congressional act of 10 June
1896 had authorized two more such submarines, each of
which was to cost $175,000, but they were to be built only
if Plunger proved successful.

Holland later claimed that he was always unhappy with
the compromises reflected in Plunger’s design. He con-
vinced his backers to finance another boat, Holland VI,
reflecting his own ideas. They were encouraged by the
exaggerated claims made by Holland’'s navy supporters
before the House and Senate naval affairs committees that
had led to the June 1896 Act.?*

Holland used an internal combustion engine this time.
He chose a 50-HP Otto (gasoline) engine used to light a
private house at an exhibition of electrical equipment in
Madison Square Garden. Substantially smaller than
Plunger (53 ft x 10 ft 3 in, 63/74 tons), the new boat had
a circular-section pressure hull surmounted by a flat super-
structure with a small midships conning tower (18 in high,

about 2 ft in diameter). There was no periscope; the opera-
tor had to porpoise. Surface speed was 6-7 kt (1,500-nm
endurance} and submerged speed, 5 kt (40-nm endurance:
8 hr). Armament was a single bow torpedo tube (three
torpedoes) and pneumatic (“dynamite”} guns fore and aft
(six projectiles).

Three Kingston valves closed the ballast tanks from
below.” As in a torpedo, depth was maintained by dia-
phragms (sensing water pressure), with balancing springs
controlling the diving rudder (stemm plane). A penduvlum
amidships (as on a torpedo} kept the boat from taking too
sharp a down angle. Depth was measured by a sounding
machine (a weight on a wire passing out of the boat). The
boat was steered by a compressed air engine.

This prototype of all modern U.S. submarines was built
in 189697 at the Crescent Shipyard, Elizabethport, New
Jersey. Accidentally flooded on the night of 13-14 October
1897, she was salvaged to begin trials on 25 February 1898.
She first dived on 11 March.

The Spanish-American War had just begun. On 10
April, Assistant Secretary of the Navy Theodore Roosevelt
suggested buying the new boat.” Kimball, now command-
ing the torpedo boat flotilla, wanted to use her at Havana,
but the Navy Department refused, A board of inspection
was formed to observe a diving trial: Capt. C. 5. Sperry
{(an expert on surface torpedo craft), Comdr. William Swift,
and Assistant Naval Constructor G. H. Rock (later chief
constructor, but then responsible for Plunger). Washington
moved very slowly. Secretary of the Navy Herbert Long
did not arrange a full official trial until 12 November; the
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Holland’s boat was modified for U.S. naval service in 1900, with planes and rudders moved abaft the propeller and the after
pneumatic dynamite gun removed. This boat was never fitted with a periscope. Note that the engine, whose shaft was low in the
hull, had to be geared to the propeller shaft so that the latter could run along the axis of the hull. The main ballast tank was brought
up the boat’s sides outboard of the battery; its top was U-shaped. Holland patented this configuration, which he (and then Electric
Boat) used in later designs. It made for relatively easy flooding and formed a bilge down the boat’s centerline. The U shape
contributed structural strength. Largely because the U-shaped tank had been patented, Simon Lake had to use flat-topped tanks,
which caused him serious problems. In this boat, the air compressor was driven by an auxiliary motor; in later Holland and Electric
Boat designs, auxiliaries were geared to the propeller shaft or shafts. (Jim Christley)

war was over. The boat fired a torpedo, made 6 kt on the
surface, and dived 19 times. Unfortunately, the inexperi-
enced crew took too long to ballast for diving.

She steered erratically, yawing underwater and on the
surface. The trial board thought that might be due to her
captain’s inexperience. However, Holland’s test captain,
Frank T. Cable, described steering as ““the most unsatisfac-
tory task I have ever undertaken” and suggested moving
the rudders and planes aft of the propeller, where they
might bite more firmly. Holland disagreed but was finally
convinced. There was also a more basic problem. In Hol-
land’s earlier boats, a single operator was responsible for
both planes and rudder; he could not steer and dive simul-
taneously. To simplify operation, he typically put the
planes hard down until the boat bottomed. For safety in
deeper water, Cable wanted separate operators for planes
and rudder. The boat lacked either a good depth gauge
(she used a modified steam pressure gauge) or a clinome-
ter (one was patented in 1900). The operator had to rely
on “feel.”

First trials encouraged Holland’s congressional backers

to pass a new act (3 March 1899) amending the 1896 act
to make the new boats similar to Holland V1. Holland could
look forward to two repeat orders if he could only survive
a navy trials board.

The boat was rebuilt during the winter of 1898-99 at
the Gas Engine and Power Company, Morris Heights,
New York, on the Harlem River. The after dynamite gun
was removed to provide space for an improved gasoline
engine exhaust. Two new after trim tanks were fitted on
either side of the propeller shaft, and small compensating
tanks were added. Holland felt that a series of small tanks
did not present the free surface danger of a single large,
partially filled tank.?”” The hull was shortened aft and a
skeg added to support the diving planes and rudders.
Relaunched 24 March 1899, Holland VI made her first dive
on 13 May 1899. She made a successful naval trial run at
New Suffolk, Long Island, on 6 November 1899, despite
trouble with sections of her armature motors damaged in
the 1897 sinking. The new trials board, however, was
still influenced by Plunger’s failure; only Chief Constructor
Hichborn supported Holland. :
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Modified to her final form, Holland VI (above and facing) is shown at Greenpoint, Long Island, in 1899. Rudders have been moved
abaft the propeller. The box above is probably Holland’s auto-steering device. The after pneumatic gun has been removed. Forvard,
the bow cap has been raised (hauled up) to reveal the blanked-off muzzle of the single torpedo tube. The two masts folded down
when the boat submerged.

Holland was broke because he had not yet delivered
Plunger. His major asset was his new submarine, which
clearly had considerabie sales potential. She had attracted
Rice, who, on 7 February 1899, formed a new holding
company, Electric Boat Company, with the Holland Tor-
pedo Boat Co. as its major subsidiary. Rice’s Electric Stor-
age Battery Co. controlled the key 1888 patent on the
storage batteries (chloride “accumulators’””) that powered
the submarine underwater. He was already president of
Elco (Electric Launch Co.), which had been formed to
supply electric launches to the Chicago World's Fair of
1893.

Holland became Rice’s employee.” He wanted to con-
tinue developing his submarine, but Rice had a different
priority: selling submarines. This shift in control, from
inventor to investor/salesman, is probably inevitable for
any inventor of a successful product. Holland became em-
bittered, particularly at the way in which he was maneu-
vered out of control of the company he had created (he
would leave Electric Boat in 1904).

By late 1899, Rice and Holland were fairly desperate,
yet hopeful that the amended 1896 act would provide them
with new orders. Although Holland VIhad cost $236,615 to
build, she was offered to the navy on 23 November 1899
for $165,000 ($170,000 if modified).?® Holland also offered

an improved version with more power (180 BHP surfaced,
70 rather than 50 HP submerged) and an improved dyna-
mite gun that he had patented. Without the gun, the boat
could accommodate five, rather than three, torpedoes.

Rice and Holland asked that Plunger be returned to
them for completion under the 1895 contract. The Board
on Construction argued that the 1896 act could not apply
until Plunger was completed and accepted by the govern-
ment. There was some question as to whether her success-
ful completion was still a legal precondition for buying
any further Holland boats.

To apply pressure, Rice and Holland demonstrated Hol-
fand VI in Washington, D.C.; she arrived at the Washing-
ton Navy Yard in December 1899. On 14 March 1900,
Holland V1 1an an official trial before Adm. George Dewey
(now head of the new General Board), the bureau chiefs,
the new assistant secretary of the navy (Charles H. Allen),
and a variety of senators and representatives.® She sub-
merged in 12 sec, steered a straight course underwater at
6 kt for 10 min (maintaining depth within 6 in), surfaced,
fired a torpedo, dived, turned while submerged, ran 5
min submerged to show her ability to escape after at-
tacking, then surfaced again.

Dewey was most impressed. Two years before, at Ma-
nila Bay, he had been badly worried by reports of Spanish
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mine fields. A single submarine might have deterred him
altogether. Now that the United States had the Philip-
pines, it would probably have to defend them against
Japan without being able to concentrate its own fleet in
the Far East. Submarines seemed to answer the problem.
Also among the observers was a Lieutenant Ide of the
Japanese Navy, who was later in charge of building Hol-
land boats for Japan.

On 11 April 1900, the U.5. Navy bought Holland’s boat,
which became USS Holland, for $150,000 (the original con-
tract price of the abortive Plunger) under the amended
1896 act.* A contract for six more submarines, described
as an “improved Holland type,” was drawn 25 August
1900. Each was to cost no more than $170,000. The first
was bought under the 1896 act; five more were bought
under a further act of 7 June 1900. In October 1900, the
Holland Torpedo Boat Co. (by then, a subsidiary of Electric
Boat) offered to refund the $93,000 already paid for Plunger
and to sell the navy a seventh new submarine. The seven
“improved Hollands” were the Adder class (later redesig-
nated the A class). Electric Boat designated the new design
EB7 (Holland, John Holland's sixth submarine, was consid-
ered the EB 6 design). In line with its practice through WW
I, Electric Boat did not actually build these submarines;
instead it subcontracted to two yards (Lewis Nixon's Cres-
cent Shipyard of Elizabethport, New Jersey, which had

built Holland, and Union Iron Works of San Francisco, the
main West Coast shipyard), for completion in 1901-02.%
Electric Boat considered the Adders so great an advance
over the original Holland that it ordered a prototype, Ful-
ton, to full naval specifications, from the same Crescent
shipyard that built Holland and the East Coast Adders.

Fulton was launched on 12 June 1901 and left for Electric
Boat’s trials base at New Suffolk, Long Island, early that
July. During construction, it was discovered that weights
and volumes had not been calculated precisely enough.
Only three of the planned five long {(Whitehead Mk II)
torpedoes could be carried (the Adders were armed instead
with short tubes: they carried five short 18-in weapons).®
Nearly half of the air flasks had to be omitted and part of
the main ballast tanks blanked off. A planned large awxl-
iary pump, driven by a 10-HP motor, would have taken
up half the space in a boat and so was never installed.
Air-driven engines for the rudders and planes, which had
not been useful in the original Holland, were discarded
(they were never installed in the Adders).* Speed trials
also vindicated Electric Boat's decision to build a private
prototype: Fulton did not reach 6 kt until her propeller
was changed.

in November, Fulton successfully spent 15 hr on the
floor of Peconic Bay, Long Island, New York, much be-
yond the endurance of any earlier submarine. She acciden-
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The A (Adder) class was, in effect, an enlarged production version of Holland with a much more powerful gasoline engine. With

the dynamite guns omitted, the decking at the ends was no lon
huil was enlarged so that men could move about erect on its i
this design, Electric Boat argued that she would be handier an

ger necessary and the superstructure was drastically reduced. The
ernal deck, with plenty of headroom. In 1900, when advocating
d livelier than Holland, despite her greater size, because weights

would be concentrated better near her center of gravity. For example, whereas Holland's ballast tanks were spread along her lenzth,
in this design the main ballast tank was no longer than the storage battery. It was designed to avoid the air pockets (with their
free-surface effect) that could form in the earlier boat’s ballast tanks. The air compressor had much increased capacity. The company
argued that the most important single Improvement was provision of a compensating tank that made it easy to operate in fresh or
salt water (Holland had failed a 20 April 1898 trial because she was trimmed wrong for New York harbor, with its mixture of fresh
and salt water). The scrap drawing shows the periscope and conning tower modification applied to Plunger. In the inboard profile,
note the rods high in the hull that connect the steering gear to the control surfaces aft. (Jim Christley)

tally sank at her dock in December 1901. After being raised,
she made the long run from New Suffolk to the Delaware
Breakwater in April 1902; she made slightly more than 8
kt on the first leg through Long Island Sound to New
York. This run ended with a battery gas explosion, blamed
on saltwater damage sustained by the battery in the 1901
sinking. By this time, Fulfon had validated the Adder de-
sign; she was laid up while Electric Boat concentrated on
completing the Adders and thus earning contract payments.

None of the Adders was even close to being on time,
possibly, in part, because construction had to await the
Fulton trials. Adder, the first, did not begin trials until
November 1902; she was commissioned on 12 January
1903. Three boats were each about 2 years late. These
delays had serious consequences for Rice and Holland, Be-
causeno submarines had been completed, Congress appro-
priated no money for new ones in 1901 (for FY 02) or in
1902 {for FY 03). By 1902, Electric Boat badly needed cash.

Ominously, its product was unpopular with senior na-
val officers. Rear Adm. Charles O’Neil of BuOrd grumbled

that, for all the praise, Holland had made only slow surface
runs and short submerged runs, always in carefully se-
lected places and under the most favorable conditions.
Chief Engineer Melville thought Congress liked subma-
rines only because they seemed to justify cuts in the naval
budget: when the Adders were added to the FY 01 budget
(over the opposition of the Board on Construction), all
funds for battleships and cruisers were deleted. The board
also considered Electric Boat's prices extortionately high;
Melville estimated that fully $100,000 of the $170,000 per
boat was profit. Ten for ton, a submarine was far more
expensive than a surface ship. Part of that cost could be
traced to its complex design, but some of it was also Hol-
land’s profit for his long years of largely unpaid research.
There was also a strong feeling, which persisted through
WW I, that Electric Boat exploited its patents against the
U.S. Navy.® The Board on Construction did not include
submarines in its annual budget proposals.

Less senior officers were more impressed. In a fall 1900
war game at Newport, just before Holland was formally
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In dry dock, prebably at Mare Island, Grampus (A-3) illustrates the initial configuration of the Adder class. Note that the bow cap
swings up rather than lifts up. Unlike Holland, this design shows a deck only amidships. The short stub immediately abaft the
ventilator is for the surface steering wheel.

commissioned, she sortied at sundown, trimmed awash
(6 in of freeboard), and “sank” the flagship Kearsage. Her
new naval commanding officer (CO), Lt. Harry H. Cald-
well, concluded that she “could in all probability have
torpedoed three blockading vessels without being discov-
ered.” Electric Boat knew, however, that the navy could
not really explore the potential of submarines until more
were in commission.

The construction of the Adders had another important
consequence for Electric Boat. in 1899, Rice had guaran-
teed Holland, who was then his only submarine designer,
5 years of employment in exchange for his patents. Hol-
land designed the Adders. As was its standard practice,
the navy appointed a trained naval constructor, Lawrence
Y. Spear, to supervise the Adders’ construction. In 1902,
Rice hired Spear as vice president and naval architect.
Spear was particularly important to Rice because he under-
stood the navy’s unexpressed needs. Rice was well aware
that Congress, not the naval establishment, had bought
the Adders. He knew that active naval support was needed
to maintain any continuing submarine program.

Spear moved Electric Boat away trom Holland’s nearly
pure submarine and toward the seagoing type the navy
would need but did not yet envisage. He was probably
the reason why Holland bitterly complained that naval
officers were subverting his concept of a pure submarine,
optimized for underwater performance, in favor of a boat
with a substantial superstructure that could cruise exten-
sively on the surface. Holland and Spear collaborated on
the Viper (B) class, which was a major step in that direction.
At the same time, Holland developed a new design to
achieve higher underwater speed. He was disappointed
when, despite encouraging model basin results, the U.5.
Navy did not buy it.* With Spear on board, Rice was free
to abandon Holland, who left Electric Boat in March 1904.
Spear designed the next, Octopus {C), class. For many
years, he was a major force in U.S. submarine devel-
opment.

The Adders were essentially enlarged Hollands with
much more powerful engines. A single 4-cylinder, 160-
BHP Otto engine drew its air through the conning tower
hatch and also through a 10-in ventilator near the fore
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end.” Holland insisted that, to avoid producing any up
or down force of its own, the propeller had to thrust
directly along the axis of the hull. Because the engine was
one of the heaviest weights in the boat, however, it had
to be as low as possible. Both in Holland and in the A-
boats, Holland’s solution was to gear the engine (which
drove the generator/motor directly) to the propeller shaft,
to the high pressure air compressor, and to the main bilge
pump. Gearing was extremely noisy, a defect that became
particularly serious when A-boats in the Philippines were
fitted with submarine bells (for acoustic signaling). Experi-
ence with Fulton convinced Electric Boat to replace stan-
dard marine cast iron gearing with steel. Similarly, the
cast iron Kingstons were replaced with steel Kingstons.?®
Like Holland, Fulton was not internally subdivided. It was
argued that bulkheads would block the commander's view
of the engines and motors. It soon became clear that gaso-
line fumes could circulate far too easily in an unsubdivided
boat.

Because her engine was so much more powerful than
Holland's, Fulton could run at 6 kt while charging batteries.
Maximum surface speed was 8.5 kt. Radius was 400 nm
at maximum speed and 560 nm at 8 kt. Semiawash, Fuiton
could make 7 kt (range 340 nm). A 70-BHP motor fed by
60 storage cells (total 1,900 amp-hr at 4-hr rate) drove her
submerged at 7 kt (range 21 nm; 35 nm at 5.25 kt).*” Ready
to dive, with only the conning tower showing, she could
make 3 kt (range 100 nm). During November 1902 trials
in sheltered waters (Peconic Bay), Adder and her sister
Moccasin exceeded their contract speeds; Adder made 8.86
ktinlight condition, 8.12 kt awash, and 7.08 kt submerged.
Moccasin was somewhat slower surfaced but slightly faster
submerged.

The process of submerging was lengthy. Three ventila-
tor pipes and their cowls had to be removed and stowed
and several valves closed (e.g., those of the exhaust venti-
lator and muffler). The boat was generally trimmed down
to dive while these preparations were being made. Main
ballast tanks flooded via two 7-in Kingstons, enclosed in
a special tank that could be closed off if the valves failed
(the tank was generally not used).*! Designed test depth
was 100 ft; however, Porpoise (A-6) survived after bot-
toming in 144 ft, 19 August 1904.9

The conning tower, somewhat larger than that of Hol-
land (21-in diameter, about 2 ft high), was protected with
4-in armor. There was no bridge as such. A man in the
conning tower could steer the boat on the surface by using
a horizontal wheel forward of the conning tower, offset to
port. The two levers controlling Holland's steering engine
were replaced by a conventional vertical wheel accessible
to a man standing up in the conning tower and looking
through its deadlights. The navy considered the levers
unacceptable because they provided no steering at all if
the steering engine (which needed a great deal of com-
pressed air) lost power. The steering shaft was carried to
the port side of the conning tower; it was connected by
bevel gear to the main wheel inside the conning tower
and to a shaft for a horizontal wheel to be used on deck

when the boat was surfaced. Later, a second internal
wheel was added, and all three wheels were clutched so
that the boat could be steered from any one of them. The
boat reportedly steered poorly underwater because of her
great beam, compared with length.* There was no peri-
scope; like Holiand, this boat was intended to porpoise,
with her commander looking out periodically through the
conning tower deadlights. The hull also had deadlhghts
for illumination at or near the surface.

The planes were controlled by a second horizontal div-
ing wheel near the conning tower. Each horizontal wheel
controlled a pair of steering surfaces through push rods
passing through the upper part of the hull. The
planesman’s wheel was to port, immediately adjacent to
the conning tower, so that he could work closely with the
helmsman. Opposite it were a large depth gauge and a
very sensitive clinometer. Below the gauge was a (diving)
rudder (i.e., plane} angle indicator geared directly to the
diving shaft. Manually controlled planes were balanced
so that they could be turned with minimum effort (to a 12-
degree dive angle or an 18-degree rise angle}. Successful
control required the planesman (diver) to anticipate the
boat’s motions. For example, while diving, he had to begin
putting on rise to check a dive before the boat showed
she was completely obeying the initial down angle on the
planes. That would require great expertise: Adder’s trials
board concluded that boats had to be kept continuously
in commission to train divers adequately. Members of the
board noted that the trim angle changed very gradually
when the boat was submerged. The average angle was
6-7 degrees (maximum during trials was 11 degrees). For
example, at 7 kt, with the planes set for 6-7 degrees of
dive, the actual down angle was 3-4 degrees. The Adder
trials board considered that the boat's success was due
largely to ““absolute freedom from automatic devices of
any character in connection with her diving mechanism,
and convenient grouping of her various fittings used in
directing change in depth.”*

The Adder trials board noted several design defacts.
Access to some of the tanks would require removal of
much of the superstructure. The ventilator over the gaso-
line engine was inadequate.® The switchboard, abreast
and near the working side of the gasoline engine, could
arc and thus cause a gasoline explosion. The 30-ft depth
gauge was inadequate in a boat designed to dive to 100
ft. The single torpedo tube at the bow was closed by a
cap raised by a bell-crank. The tube had to be floodec (by
opening the cap) before the torpedo could be fired. Iy the
submarine had to run submerged for any great distance
with the cap open, water flowing around the torpedo
sometimes turned the small arming propelier in its nose
sufficiently to arm the weapon.*

Electric Boat sold near-duplicates of the Adders to sev-
eral foreign navies (see chapter 4). Externally, Fulton and
the Adders could be distinguished from the foreign boats
because their floodable superstructures (casings) did not
extend all the way to the bow. They were cut away to
leave a rounded bow topped by a narrow fairing (for a



hawse-pipe and the bell-crank that raised the bow cap
over the torpedo tube); in profile, their decks appeared
to be broken forward. Plunger was unique in having her
fairing extended straight forward from the deck to the
bow.¥ At least the Royal Navy carried long Whitehead
Mk I torpedoes in its Adders.*

Holland’s only competitor, Simon Lake, had a different
outlook of marine salvager and explorer. Lake initially had
little interest in the very difficult problem of depth control.
He was content to run his boat along the bottom on
wheels. His first demonstrator, Argonaut Junior (1894), was
wheeled along the bottom by two men. The full-scale
Argonaut (36 ft x 9 ft, 1897) was driven by a 30-HP gaso-
line engine. Like Holland’s boats, the hull was spindle-
form; however, she had two driving wheels forward and
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a third, connected to the rudder, aft. When running on
the bottom, her engine drew air through a flexible rubber
tube extending to a surface buoy; later, she used a 50-ft
pipe. Gasoline vapor leaked into the boat and threatened
to explode; Lake moved the fuel tanks outside the pressure
hull. When the engine backfired, carbon monoxide es-
caped into the hull. Lake installed an induction tank be-
tween the engine and its air intake. A backfire closed
the check valve that normally let in oxygen; the carbon
monoxide was caught in the tank and sucked into the
engine again on the next stroke. A lack of reserve buoy-
ancy made a run on the surface somewhat difficult. In
1899-1900, Lake rebuilt Argonaut with a shiplike super-
structure that increased reserve buoyancy to 40 percent.
The superstructure emptied when the boat was on the
surface and filled when she submerged.

This 1912 photograph shows the breech of A-4’s single torpedo tube plus two reloads on wooden skids. 1t appears that, like the
loading trays of modern nuclear submarines, the skids shid across for loading. (U.S. Navy photograph courtesy of Phillip H.

Wilson)
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Harbor Defense

SUBMARINES IN THIS and later chapters are designated by
the letters and numbers applied to them after fish names
were abolished on 17 November 1911. Adders became the
A class; Vipers, B class; Octopuses, C class, and Narwhals,
D class. Lake’s Seal became G-1, part of a later group.
Names were revived in 1931, but only for post-WW 1
submarines.

Holland evidently imagined his submarines operating
in sheltered waters and defending harbors. He concen-
trated on underwater performance. Naval officers were
more interested in greater range, for true coastal defense,
in choppy waters. The Adder trials board complained that
boats should be tested, not in sheltered waters, but in the
open sea, for example on the 50-nm run between Electric
Boat’s New Suffolk base and Great Salt Point on Block
Island, Rhode Island, running at least 10 of those miles
submerged at 7 kt.

Adder ran her 3-hr endurance trial with an 8-ft nonrotat-
ing periscope (installed in November 1902) rigged through
her port forward ventilator. Like the periscopes of contem-
porary Holland-designed British submarines, it had a fixed
upper window (with a 30-degree arc of vision).! A similar
periscope was installed on board Moccasin about mid-1903.
The trials board was impressed: the boat was able to re-
main submerged for over 2 hr without having to surface to
navigate. It considered the periscope almost as important
when the submarine ran awash; in that case, the conning
tower ports were so close to the surface that little could
be seen through them. The board wanted a trainable peri-
scope offering a wider arc of vision. A reference line on the
periscope would permit an observer to measure a target’s
bearing against an attached arc. The board wanted a rela-
tively short periscope, on the theory that a submarine
could easily place it above the surface by porpoising. A
longer instrument always projecting above water, how-
ever, might allow a helmsman to observe continuously.

In October 1903, the trials board’s Naval Constructor
J. W. Woodward proposed that each boat be fitted with
two steering stations, each with a compass, and one with
a hand-turned 20-ft or 21-ft periscope. Electric Boat argued
that anything over 15 ft would vibrate, but that the peri-
scope had to allow the boat to cruise with at least 10 ft of
water over her deck to avoid broaching or creating a visible
disturbance and also to avoid ramming by shallow-draft
craft, such as destroyers.

In October 1903, Lt. Arthur McArthur, CO of the two
West Coast boats Pike and Grampus, urged that they be
fitted with periscopes; he wanted to operate them sub-
merged, never porpoising to find targets. The first three
(fixed) periscopes had proved unsatisfactory, so C&R de-
cided to test rotating units. Electric Boat developed a fixed-
eyepiece type, which it installed on board Plunger. Revolv-
ing periscopes were also installed for tests on board Shark
and Porpoise.? For details of these and later periscopes, see
Appendix B. Woodward also proposed other improve-
ments.

In close touch with the first generation of submarine
officers, Electric Boat was well aware that the Adders were
inadequate. It was also aware of the conclusions reached
by the trials boards of the first Adders. By early 1903,
Electric Boat planned to rebuild Fulton to compete against
Lake’s Protector for expected FY 04 orders. The planned
modifications matched most of those proposed for the
Adders by the trial board and later ordered by the navy.
The first new material was ordered in June 1903. As of July
1903, the following major improvements were planned:

* A higher and larger conning tower to provide the
commander (standing in the hull) a better view on
the surface, especially in bad weather. The space be-
low the conning tower was enlarged, giving the com-
mander a better view of the submarine’s interior. A

The coastal defense submarines grew very rapidly. In dry dock at San Diego, Grampus shows her rudimentary superstructure and a single
tall periscope abaft her enlarged conning tower. Cuttlefish, launched somewhat earlier, shows a much more extensive superstructure (but

as yet no portable bridge platform). (R. C. Richards)



34 U.S. SUBMARINES THROUGH 1945

new midships quick dive (Q) tank roughly matched
the displacement of the conning tower when the sub-
marine was in diving trim. Blowing it popped the
conning tower out of the water; flooding it put the
submarine quickly under water (in 2 sec). The Q tank
became a standard submarine feature.?

« Eight new tanks at the center of buoyancy, each with
a capacity of about 75 Ib of water, to compensate for
small added or deleted weights. Existing boats could
not add or subtract small fixed weights because there
was no way of precisely measuring flow into or out
of the big main ballast tanks. These auxiliary tanks
(albeit fewer in number) also became standard fea-
tures.

+ Improved torpedo compensating and loading gear to

permit the tubes to be loaded without any change in

trim (underwater reloading was difficult in the

Adders).

Each row of battery cells sealed with marine glue to

reduce the danger of a short circuit caused by acid

slopping out of the jars.

» The exhaust and air valve cams of the Otto engine to
be rearranged so that all could be closed when the
engine was shut down (i.e., when there was no ex-
haust pressure to keep water out). In the Adders, wa-
ter leaking into an exhaust pipe could enter the engine
via an open valve to short out the spark plugs. The
gasoline pump was redesigned to work when the
engine was stopped, so that the engine did not have
to be jacked over to start. A special thermometer on

the middle bearing allowed the engine operator to
check its temperature.

Woodward’s list largely matched the improvements
planned for Fulton. Woodward also wanted periscopes
and two sea-keeping improvements. Unlike Electric Boat,
he wanted a watertight false bow (with flooding vaives)
to provide buoyancy for better surface sea-keeping: the
bow wave was too high. Trials outside Newport in the
fall of 1903 showed that boats often could not run their
engines on the surface because in rough water hatches
had to be kept closed for fear of flooding. No A-boat had
the false bow, but it was incorporated into the B class that
followed.* A boat in the Pacific had recently shortea out
her battery while rolling heavily on the surface. Wood-
ward wanted a heavy framework to carry the weights
of the battery plates, with the heavy rubber jars merely
carrying the weight of the contained liquid.

Electric Boat estimated that the modification package
would cost about $9,700; it included several minor im-
provements to prevent leakage of gas fumes, to reduce
the time needed to trim and ballast for diving, and to better
regulate buoyancy. The Board on Construction approved
these changes on 18 December 1903. Plunger, the last East
Coast A-boat to be completed, was chosen in March 1904
as the prototype and modernized by Electric Boat at her
builder, Crescent Shipyard, between March and Novem-
ber.’ She emerged with a power periscope, whose eye-
piece was let into one of the conning tower deadlights,
so that it was usable from the enlarged conning tower
(upper steering station).® The CO could use either dead-

Plunger (A-1) was the prototype modified Adder. This 1907 photograph clearly shows her enlarged conning tower and her single tall
periscope, at its fore end. Note also that her bow casing differed from those of her near sisters. The original photograph was signed
by her 1907-1909 commanding officers—Lt. C.P. Nelson, Lt. P. P. Bassett, and Lt. C. W. Nimitz—whose submarines would contribute
so much to winning the Pacific war more than three decades later. (Fleet Admiral Nimitz via the Naval Historical Center)
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In the Dewey floating dry dock at Olongapo in the Philippines, three A-boats show standard features: a single tall periscope abaft
the conning tower; a conning tower fairing; and a bridge structure atop the conning tower, with the surface wheel atop it. This
photograph was taken sometime between 1910 and 1912, before boats had been fitted with forward periscopes. (Phillip H. Wilson
Collection via the Naval Historical Center)

lights or periscope to conn the boat. A separate steering
station (without a periscope) was set up in the body of
the boat just forward of the conning tower. Tanking and
piping were revised, and separate blowing and flooding
arrangements were provided for the gasoline tank so that
gas could not be introduced into the main pipelines.”

By April 1904 the boats at Newport had shown suffi-
cient promise for the Board of Inspection and Survey to
recommend that they be formed into an operational flotilla
to work with the coast defense monitors, under the com-
mand of an officer on board a mother ship. Their com-
mander at Newport, Lt. Charles P. Nelson, argued that
they needed modifications, particularly installation of us-
able periscopes, before that could be done.?

Alterations to Porpoise and Shark were approved in Janu-
ary 1905.° They had tall periscopes abaft their enlarged
conning towers and secondary steering stations (with con-
ventional vertical wheels) beneath them in the hull. Binna-
cles and surface steering stations were placed abaft the
conning tower. Periscopes and enlarged conning towers
were proposed for the other four Adders in February 1906;
in October, the Board on Construction recommended that
similar changes be made in Holland and the remaining
four Adders (only Holland was never modernized).

There were several further improvements, the most
significant probably being a temporary “flying” bridge
for better surface seakeeping, which became a prominent

feature of pre-1917 U.S. submarines.!! All of the Adders
were eventually fitted with second periscopes.!?

With no new submarines authorized, Electric Boat had
offered Fulton to the Navy in July 1903 for $170,000. The
company proposed a new boat of the same size to attain
1.5kt more on the surface and nearly 1 kt more submerged.
It hoped to develop a larger 100- to 110-footer, “which
type meets with the approval of some of your experts,
and which is the type of boat now being built by the British
Admiralty.” These proposals led to the B and C classes.’

At that time, Electric Boat was staying alive by selling
licenses toits designs and patents. Under a 35-year license,
Vickers had entered the submarine field by building Adders
for the Royal Navy (Holland No. 1 through Holland No.
5).1 Laid down in February 1901, the first boat had been
launched that October and had run sea trials in February
and April 1902, well before USS Adder."® Vickers then be-
gan to design its own submarines, based loosely on the
Holland design. The British considered the single-hull
Hollands poor seaboats that were dangerously unstable
longitudinally when surfaced. Given other demands on
space, internal ballast tanks could take up no more than
about 10 percent of the submarine’s hull (i.e., reserve
buoyancy, their volume, was limited to about that). In
its 1905 D class, Vickers solved the surface sea-keeping
problem by moving main ballast into saddle tanks outside
the pressure hull, where they could be much larger. In
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:? QRPOISE

Off New York Navy Yard, Porpoise (A-4) displays her enlarged conning tower and tall periscope (its lens points dead ahead;. The
other two pipes are a ventilator and the diesel induction. Note how the deck has been extended outboard around the enlarged

conning tower. The purpose of the object on the bow is unknown.

1906, the design was modified to be powered by diesel
engines; Electric Boat later adopted Vickers’ diesels for the
U.S. E-boats and F-boats.

In 1902, when Electric Boat’s U.S. orders dried up,
Vickers’s cash kept it alive. By 1903, Rice and Vickers held
the major share of Electric Boat stock (Vickers had at least
30 percent by 1904). Vickers also held much of Electric
Boat’s debt, particularly after the panic of 1907. The U.S.
Navy was probably unaware of this connection. It de-
manded that Electric Boat keep all navy designs to itself
and was shocked when the British magazine Engineering
published a detailed account of Electric Boat submarines
in November 1911. Only in 1914 did Vickers have to sell its
holdings in Electric Boat. The close connections of Electric
Boat, Vickers, and British-oriented Bethlehem Steel proba-
bly explains Electric Boat’s enthusiasm for the secret proj-
ect to build H-class submarines for Britain in 1914.

Fulton was demonstrated to foreign representatives, in-
cluding Admiral Tadema, chief of the Dutch Naval Staff,
and Comdr. Beklemisheff of the Russian Navy.!¢ In 1904,
as war broke out between them, Japan and Russia both
eagerly sought U.S.-built submarines. Japan ordered five
Adders (Nos. 1through 5, EB 7P design) that year. Prefabri-
cated by Fore River, they arrived at Yokosuka on 12 De-

cember 1904. Assembly was relatively slow, and they were
not launched until May 1905, too late for the war. They
differed from the Adders in having a broad reinforcing
strip of bronze plating around their hulls. Test depth in-
creased to 125 ft. These boats were completed with con-
ning tower periscopes.

The Russians ordered six Adders (EB 7P) from Electric
Boat's licensee, Nevskiy-Works in Petersburg, under their
1904 emergency program. A month later, they bought
Fulton (EB 7A) as a pattern boat for the series. Only Fulton
(renamed Som) and Shchuka arrived in Vladivostok before
the end of the war; they became operational in April and
November, respectively, 1905."7

K. M. “de Schelde” in Flushing, Netherlands, built an
EB 7P on its own account as Luctor et Emergo (laid down
June 1904, completed July 1906). On 20 December 1906,
she became the first Dutch Navy submarine, 0.1 (Orderzee-
boot I'). This brought the total of Adders to 25. Brazil ~eport-
edly had planned to buy five Hollands (presumably
Adders) but instead bought three Italian boats. Portugal
also reportedly considered buying Adders but eventually
bought Italian boats. Sweden had sent naval engineer Carl
Richson to the United States to learn about submarines.
His Hajen (lauched in 1902) resembled the Adders but was
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In the Philippines about 1915, A-2 (ex-Adder) shows her false bow and two periscopes protruding from her enlarged conning
tower fairing. The object abaft the second periscope is an underwater bell for signaling; the noisy geared drives in these boats
often rendered such devices useless. (Phillip H. Wilson Collection via the Naval Historical Center)

a pirated derivative, rather than a licensed copy. Three
improved Hajens were launched in 1909 (Undervattensbaten
No. 2 class), followed by more Richson designs, Delfinen,
2 Laxen (improved U.2) and 2 Abborren (improved Laxen).

After he resigned from Electric Boat in March 1904,
Holland tried to go into competition with his former em-
ployer. During the Russo-Japanese war, he sold Japan two

boats of a new type, which he claimed could operate well
out to sea, perhaps by virtue of their greater surface power
(300 BHP)." Holland incorporated a new Submarine Boat
Co. in May 1905, but he could not long remain in business.
He had already assigned exclusive rights to his key patents
to Electric Boat, which understandably refused to allow
him to use those patents to compete with it.

=

9

The flying bridge was proposed by Lt. Guy W. S. Castle, who commanded the First Submarine
Flotilla (the Atlantic A-boats), on 19 January 1908; this is a redrawn version of his sketch.
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Electric Boat's further export submarines are described
later in this chapter. While the company struggled to sur-
vive on export orders, its rival, Simon Lake, perfected his
own very different submarine.

Back in January 1901, after having found insufficient
interest in his salvage submarines, Lake had decided to
compete for U.S. Navy contracts. That June, he had asked
the Board on Construction to review his designs for a one-
man boat (31 ft 6 in, to be carried on board a larger ship),
a 65-ft boat for coast defense, and a 125-footer for extended
cruising. He hoped that unofficial endorsement of the 65-
footer (which he planned to build himself) would lead the
navy to buy the boat if Congress provided money in 1902.
Chronically underfunded, Lake was probably trying to
encourage potential backers. The board respected him. Its
members resented Electric Boat’s political machinations
and feared an Electric Boat monopoly. It reported that
Lake’s design would be worth considering if Congress
wanted more boats.

Lake had expected his Protector to be ready by March
1902, but she was not launched until 1 November. At
Lake’s invitation, Chief Constructor Francis T. Bowles sent
David W. Taylor (later a chief constructor) to inspect her.
On 15 December, Lake asked that an official trials board
test Protector. A board was appointed on 19 Janaury 1903
and reported early in Febraury that Protector was incom-

plete and unable to submerge or even to run awash. The
board could not rely on the mere ““expectations and hopes
of her builders.””? Lake’s latest complete submarine, the
bottom-running Argonaut, could not maintain depth
and maneuver underwater. Lake failed to have his new
submarine included in the 1903 summer maneuvers off
Newport.

Unlike Holland’s, Lake’s boat was designed to dive
on an even keel using amidships planes, which exert no
turning force.”? Lake considered even-keel diving an im-
portant safety feature. Partly to ensure longitudinal stiff-
ness, he raised the submerged center of buoyancy by pro-
viding a large separate conning tower (accommodating up
to five men). He lowered the center of gravity by providing
a 5-ton drop keel. Because he did not intend to porpoise,
Lake provided a periscope (omniscope).

Like Argonaut, Protector had an outer free-flooding hull
for sea-keeping. Lake’s submarine was far larger, hence
far roomier than Holland's: submerged, Protector displaced
174 tons, compared with Adder's 122 tons.” Diving was
slower, however—20 min against 3.5 min for Adder.?
Lake’s was not a double-hull submarine in the later sense
because it did not use the space between superstructure
and pressure hull for ballast tanks. This difference (in
addition to much of the historical record) calls into ques-
tion Lake’s later claims to have inspired such European
submarine builders as Krupp.?
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Protector was Simon Lake’s first naval submarine. These sketches are adapted from drawings in Sudostroyenie, a Russian magazine.
They do not show Lake’s characteristic midships planes (but the plane axes are indicated here by arrows; note that the two planes
are linked to work together). Note also the couches for the crew, indicated by x’s in the plan (they were buttoned leather). Also not
shown here is the engine exhaust that extended well above the deck and allowed the engine to operate while the submarne was

awash.
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Lake’s Protector was his rival to Electric Boat’s Fulton. She was clearly designed as a submersible surface ship, with high freeboard,
a wide flat deck, and a large conning tower. The pipe aft is the engine exhaust. Lake sold this type of submarine to Russia.

Because his submarine submerged on an even keel,
Lake was not much concerned with the up or down force
the propeller might exert when the boat was trimmed to
dive or surface. Therefore, Lake did not have to place the
screw on his boat’s axis. He used twin screws, each with
its own power train (gasoline engine, generator, and mo-
tor). As in later twin-screw submarines, one gasoline en-
gine could charge the battery while the other drove the
submarine. For a quick dash, the electric motors could be
driven by battery to supplement the gasoline engines.*
Because the engines drew their air through the tall conning
tower, Lake expected to run them even when the boat
was nearly submerged and thus nearly invisible to a target.
She could approach on gasoline power and save the bat-
tery for a submerged escape.?” The engine induction valve
was designed to close automatically when a wave passed
over it. This idea, which the U.S. Navy adopted in
pre—-WW I submarines, led directly to at least one 1915
snorkel proposal.

Lake initially used adjustable-pitch propellers but later
switched to fixed-pitch. He promised 10 kt surfaced (ra-
dius 350 nm) and 7 kt submerged (radius 21 nm). On
the Newport measured mile, Protector made only 7.5 kt
surfaced (on both gasoline engines, total output 240 BHP)
and only 4.6 kt submerged (75-BHP electric motors, at
the 3-hr rating). Lake blamed poor propeller design and
promised to do better before delivery.

Twin engines and motors left enough space aft for a
stern 18-in torpedo tube, in addition to two bow tubes.
There were no reloads, although there was sufficient inter-
nal space; torpedoes were typically loaded through the
tube muzzles.?

Protector retained Lake’s trademark sea-bottom wheels
and diver’s air lock. Hung by pivoted steel jaws, the un-
powered wheels were housed in pockets in the subma-
rine’s bottom. They were intended to cushion the subma-
rine when she ran along the bottom. Another unusual
feature was a pair of half-ton anchoring weights, with
which the boat could anchor while submerged. Lake ar-
gued that divers might be as important as torpedoes be-
cause they could cut communication cables, control mines,
and connect a bottomed or anchored boat with the shore via
bottom cables. As yet, there was no efficient means of com-
municating with a submerged or awash submarine offshore.

Despite intense lobbying by both Electric Boat and
Lake, Congress had appropriated no money for subma-
rines in 1902.7 Chief Constructor Bowles told the House
Naval Affairs Committee that further submarine construc-
tion should await the trials of the Adders. Given the num-
ber of new submarine proposals, however, he suggested
that $500,000 be appropriated for two experimental boats,
chosen on the basis of competitive tests, to be ordered
during FY 04. Congress passed an act to this effect in
March 1903.%
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Ready for launch at Bridgeport, Lake’s Protector shows his characteristic twin-screw stern and a single after torpedo tube. The two
port-side hydroplanes are visible at the deck edge near the conning tower; the pipe farther aft is the engine exhaust. This photograph
was taken no more than a month before the submarine was launched on 1 November 1902. (Submarine Force Museum and Library)

On 1 June, Lake formally requested a test in the hope
of competing against a standard Adder. In July, however,
Electric Boat persuaded the secretary of the navy to ap-
prove its modified Fulton, instead, for October trials on
Narragensett Bay off Newport. Materiel, particularly the
new conning tower, was arriving late; in September, the
Board of Inspection and Survey agreed to postpone trials
to 16 November. Convinced that the improvements to
Fulton were crucial, Electric Boat specifically rejected the
government’s offer to lend it an Adder. Lake became impa-
tient; his financing clearly depended on the outcome. He
therefore persuaded the board to test only a single compet-
itor, if necessary, and not wait for the other submarine.
This would prove to be a fatal miscalculation.

Protector arrived at Newport on 17 November. Dry-
docked to repair her damaged starboard propeller-
reversing mechanism, she was reported ready for trials

on 2 Janaury 1904. By then, Narragansett Bay was badly
iced; trials were postponed until spring.

Lake asked the trial board to take into account the better
efficiency he expected of his new propeller design. Like
Holland, he could always devise improvements; unlike
Holland, he had no Rice to force him to freeze a design
to sell it. The secretary of the navy asked that he certify
his boat to be complete and that he would accept the tests
as final. The outcome had to be based on the condition
of the boat as tested, not as promised. Lake seemed too
insistent that, no matter how the trials came out, he
wanted to make further improvements before delivery to
the navy.?

Meanwhile, Lake offered his boat to the army, which
was responsible for fixed U.S. coastal defenses, including
controlled mine fields. After a successful Janaury 1904 test,
the School of Submarine Defense at Fort Totten, New



York, recommended using it as a bottom workboat, for
example, to repair mine field junction boxes. Five boats
were needed: one for experiments and one each for Long
Island Sound’s eastern entrance, the Chesapeake Bay en-
trance, San Francisco, and Puget Sound. A torpedo-
carrying submarine would be a natural extension of the
fixed shore torpedo tubes then under discussion. Despite
Senate approval, the army submarine died. The navy,
claiming responsibility for all mobile elements of coastal
defense, gained jurisdiction over all submarines. The com-
petitive test became absolutely crucial for Lake.

No test had been conducted during 1903. New legisla-
tion of 27 April 1904 increased the total appropriation to
$850,000 for up to five submarines. On 19 April, an acci-
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dent had disabled one of Fulton’s engine cylinders. Electric
Boat reported that Fulton finally would be ready on
30 May 1904 and certified that it would accept the trial as
final. Badly undercapitalized, Lake refused to sell out, as
Holland had done (in this case, to Percy Maxim). He
jumped at a Russian offer to sell his Protector (as Osetr).¥
With Protector out of the way in Russia, only Fulton was
available for trials and, therefore, the only submarine in
position to win the big U.S. Navy competition. Lake’s
insistence that the navy accept trials even if only one boat
was available killed his chance of getting any U.S. FY 05
orders.

The Fulton trials began on 1 June 1904. Using a new
periscope and running submerged, Fulton launched a tor-

Depicted are three of Simon Lake’s designs that were in competition with Electric Boat's submarines. Argonaut, as shown in 1903 (top)
was lengthened (from 36 ft to 56 ft) and fitted with a boatlike hull and smaller wheels. Her reserve buoyancy increased from 12 percent
to more than 40 percent. The bowsprit was a hydraulic device to cushion against underwater collision when the boat was running
along the bottom; the stay under it would raise the bow over an obstruction. This was the first time that Lake used a watertight
superstructure as a ballast tank (Argonaut initially had a single hull, like a Holland boat). In 1903, Protector was fitted experimentally
with a trestle to protect her superstructure when she dove beneath ice. The next year, she would be sold to Russia. As Lake XV,
Defender (1906) (bottom) was defeated by Electric Boat’s Octopus in 1907. Midships planes (fore and aft of the conning tower) are visible

in both Protector and Defender. (Jim Christley)
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The three B-boats (Cuttlefish, Tarantula, Viper) share a snowy dry dock at the New York Navy Yard, probably in 1907. Note that each
one still has a single tall fixed periscope, with a flagstaff above it. Boats running submerged flew flags on these staffs to warn surface
ships against running them down. Note, too, the running lights affixed to boards on the foremasts. (Collection of Rear Adm. Henry

Williams)

pedo attack against a target 10 mi away. She was rated
on how often the periscope was exposed. Her compass
was inaccurate, and a considerable sea made it impossible
to find the target after a 5-nm run and again after a 3-nm
run. First sighting the target after another mile, she found
herself about 25 degrees off course. She did not actually
fire because the sea was so heavy that there was a real
possibility of losing a torpedo. In a second trial, Fulton
porpoised, with her commander relying on the conning
tower deadlights as though the periscope had been shot
away. She was exposed only twice, for only a few seconds
each time. Finally, she stayed down successfully for
12 hr.

The trial board recommended buying two versions of
an improved Fulton, as prototypes of future submarines:
three boats about 75 ft long (150 tons) and one enlarged
boat about 100 ft long (250 tons). The board wanted to
reserve another $30,000 for an open competition for a small
submarine about 45 ft long. The submariners had been
discussing the two enlarged sizes for some time. Electric
Boat offered a 76-footer for $200,000 and a 100-footer for
$250,000. Having accomplished her most important mis-
sion, Fulton was hoisted aboard a steamer en route to

Russia on the evening of 28 June 1904 (she arrived early
in July).

The trials board report was leaked to the press, and
Lake vigorously pretested what he called a biased report.
Secretary of the Navy William H. Moody, who was plan-
ning to leave at the end of June, deferred any decision to
his successor. Lake used Russian payments for five new
Protectors to finance a new Lake X.3! He could therefore
look forward to a new round of comparative trials. On
1 July 1904, he gave “reasonable notice,” as required by
the April 1904 act, to request a test on the third Tuesday
in November 1904.

Again, as in 1902, Lake’s work was delayed. In Septem-
ber, Newport News could promise only that the subma-
rine would be ready by 22 December (Lake X was launched
on 27 October 1904). Now it was Electric Boat’s turn to
protest further delays. Bowles testified in September that
the 1904 act had never intended a delay in contract award
merely to hold further trials and that the money had to
be spent during FY 05 (i.e., by 30 June 1905). This question
had been explicitly asked and answered on the floor
of the House of Representatives during debate on the
bill.
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In New York harbor for the 1909 naval review, Cuttlefish (B-2) shows both her periscopes and a substantial false bow (superstruc-
ture) above her pressure hull. There were few limber holes because these boats were not expected to dive quickly. Note the
temporary bridge for surface navigation.

Moored alongside one another in the Philippines about 1919, B-1 (left) and A-7 (right) both show the submarine bells used for
underwater communication (B-1's is on her foredeck, A-7’s abaft her conning tower). Note how rudimentary their bridges were.
(Mr. Arthur B. Furnas via the Naval Historical Center)
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These drawings represent the two Pacific Coast A-boats Grampus (A-3) and Pike (A-5), modernized, but before installation of the second
periscope. Taken from a November 1911 C&R sketch of an improved hoisting arrangement, it shows the arrangement of the Porpoise
as modernized (from which the Pacific modernizations were copied). The big rectangle forward of the bridge is the torpedo hatch.
The circular object on the bridge is a pelorus, for taking bearings. A portable compass was mounted alongside the wheel. By January
1912 Grampus had been fitted with a submarine bell abaft her periscope, nearly at the break of the deck aft. Abaft the tall periscope
is a binnacle, which holds a magnetic compass clear of the magnetic mass of the hull.
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The B (Viper) class, the ultimate development of the single-screw Holland design, introduced a much more extensive superstructure
for sea-keeping. As designed, Viper had only the single periscope shown; as in Plunger, it was let into the conning tower. A second
(hull) periscope was later added. Engine gearing had been abandoned; the propeller shaft no longer coincided precisely with the
axis of the hull. Air compressors and main bilge pumps were driven from the main shaft via clutches and gears; they could be
operated by either the motor or the engine. Note that, in a boat this small, a reload torpedo occupied much of the hull. An Electric
Boat 75-ft X 7-ft design, dated 23 February 1905, was apparently an alternative to the Viper design. Unlike Viper, the 75-footer would
have had one tube above the other, with a common bow cap swinging up. This arrangement made for a much slimmer hull than
the side-by-side tubes of the Viper class. Electric Boat later adopted it for several small submarines for Russia (EB 27B) and Norway.
(Jim Christley)



The secretary of the navy refused to grant Lake a trial
unless he certified that his boat was finally complete. Lake
refused; he could always envisage improvements. In Janu-
ary 1905, he asked the Navy to return his plans and com-
plained that some of their features had been used without
his consent.

The new Electric Boat submarines were EB 16 (81-ft B class
[Viper]) and EB 17 (105-ft C class [Octopus]). The four boats
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were built at Fore River, which became Electric Boat's sole
East Coast subcontractor.?? Electric Boat submitted
specifications on 22 December 1904. These designs incor-
porated Woodward’s floodable superstructures extending
all the way to the bow, and the boats would have substan-
tial conning towers surrounded by streamlined fairwaters.
Each was completed with a single motorized periscope
looking into conning tower deadlights, as in Plunger, but
reinforced by streamlined shears. The boats were designed

Ventilators

eriscope Torpedo Loading
. Hatch
Conning Tower

Engine Exhaust
ler
( P Deck Anchor
Signal 8
Bell . \ ] ow
= Cap
dho BT e ©
- o 1T J 110 r
it - I\
Il L 1 i
:\ﬁ 908 1 = Tomed
= pedo
OHm ag DIDU@O_HW \ Tube
L Mushroom
Battery Tanks Anchor
g.g LL] 0 5 10 20 30 40 50 60 70
‘%ﬂ: 4 ; + —p . 3 *)(¢ :l) D
/ 4 ] Scale Feet
Shaft
Screw

Bearing )
and Seal Clutch  Engine

Main
Egg‘ft Motor

Propulsion Train Components

The C (Octopus) class was the first designed entirely by L. Y. Spear (Holland had left Electric Boat). As in the Viper design, the periscope
was a fixed-eyepiece type let into the conning tower. Note the scoop directly under the engine to collect cooling water; until the 1930s,
U.S. submarine engines used seawater as a coolant. The high-speed diesels introduced at that time used closed-circuit cooling, in
which fresh water circulated around the cylinders and surrendered its heat to a heat exchanger (radiator) in contact with the sea. This
design introduced Electric Boat’s characteristic stern, with two propeller shafts nearly parallel to the axis of the hull, rudders and stern
planes arranged symmetrically around that axis, and heavy skegs protecting and supporting planes and rudders. This was also the
first class of U.S. submarines completed with a bell for underwater signaling (it was later fitted to earlier boats). Air-operated signal
bells were superseded in later designs by electrically operated Fessenden oscillators, which could put out stronger signals. (Jim

Christley)
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Octopus (C-1) illustrates Electric Boat’s rotating bow cap, which has exposed the muzzle of her port torpedo tube. (Submarine Force
Museum and Library)

with the awkward horizontal diving and steering wheels
of the Adder class, but much more convenient vertical
wheels (driving horizontal control shafts through belts)
were substituted. Vertical wheels (along the side of the
boat for diving planes, the helm athwartship) were stan-
dard in all later classes.

The Vipers, the last U.S. harbor defense submarines,
were closer to the Adders than to anything that came after-
ward. They enjoyed twice the range of the earlier boats,
however, and were designed to dive twice as deep. The
main innovation in the Viper class was a second torpedo
tube. Both tubes were closed by a single rotating cap piv-
oted on the centerline. To fire, both tubes were flooded
and the cap unseated and rotated. Therefore, it was impos-
sible to fire only a single torpedo and leave the other
one dry for later use. Each boat carried four short (18-in)
torpedoes. The Vipers were also equipped with submarine
bells, an early form of underwater communication (though
not with receivers).* Unlike the A-class boats, their en-
gines (and those of later U.S. submarines up to the 1930s)
drove the motor and propeller shaft directly, via clutches
between engine and motor and between motor and shaft.
The motor drove the two main auxiliaries, the air compres-
sor, and the bilge pump. Propeller pitch could be changed
when the boat stopped. For example, during Viper’s trials,
her propeller pitch was decreased to a minimum when
her batteries were connected in parallel, for minimum
speed and maximum endurance.

Octopus, Spear’s first design, was the first U.S. subma-
rine that could be described as seagoing. Electric Boat
hoped that her performance would be so impressive as
to inspire more navy contracts. More than twice as large
as Adder (273 tons), she was also the first U.S. Navy twin-
screw submarine. (Holland was no longer present to de-
mand that any screw be on the boat’s axis.) In addition,
she had twice as many battery cells (120, in two banks of
batteries) as her predecessors.

As in the Vipers, each motor drove a set of auxiliaries,
mainly a bilge pump and an air compressor, whether or
not the engine on that side was running. The rriction
clutch connecting engine and motor could accidentally
engage, turning over an engine down for repair and crush-
ing those working on it. Boats were so cramped that such
an overhaul on one side generally interfered with machin-
ery on the other; any attempted major overhaul at sea
would shut down the entire boat. These problems per-
sisted until the L class.

Like the Vipers, Octopus had two bow torpedo tubes, |
with a total of four torpedoes. Octopus was the first U.S.
submarine to have both a submarine bell and a receiver.®
She was tested with a primitive radio antenna, although
it was not permanently installed. Consisting of 30-ft masts
and 50 ft of wire, the antenna could be used when the
submarine ran surfaced or awash. Range was about
40 nm.

Octopus and later Electric Boat single-hull submarines



were largely optimized for underwater performance. The
concessions to surface sea-keeping were the superstruc-
ture and the bridge. The pressure hull was a body-
of-revolution similar in form to that of a modern nuclear
submarine. Because its axis was well below the waterline,
the submarine’s conical stern was submerged. Twin
screws were carried to port and starboard parallel to the
axis of the pressure hull, with the stern planes immediately
abaft them, in their wash. The balanced rudder was sym-
metrical above and below that axis. The reserve buoyancy
of Electric Boat's single-hull submarines was limited (typi-
cally to about 12 percent) because only so much ballast
tankage could be accommodated inside the pressure hull.
The axis-of-revolution hull naturally had most of its buoy-
ancy amidships, where the hull was widest. Without much
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stead of riding over them. Aft, propellers and diving
planes lacked any buoyant structure above them to help
reduce pitching. In rough weather, they could come out of
the water and pound down into it; stern planes sometimes
pounded so hard that they were broken off. At times,
seas carried away the after part of the superstructure.
Eventually, the skegs of the diving planes had to be stiff-
ened and welded (rather than riveted) to hulls, and the
after part of the superstructure discarded altogether.
These problems persisted through the S-boats of WW 1.3
They explain the later U.S. shift to double hulls after
WW L

On trial, Octopus achieved 11.57 kt (average 11.02 kt)
surfaced and 10.03 kt submerged (at periscope depth),
well beyond the navy’s expectations. She dived extremely

buoyancy in the bow, it tended to root under waves in- fast. The gasoline engine could be disconnected in 5 sec

Lake’s Defender was modified from his Lake XV, which competed unsuccessfully with Electric Boat's Octopus in the 1907 official U.S.
Navy trials. Built by Newport News, she was launched on 27 February 1906. At that time she had a short ram bow—similar to that
of Lake’s earlier boats—and triple amidships planes in a protective frame. She was later rebuilt with the sharply raked bow seen
here, and her topsides were changed (the triple planes and their single frame were replaced by the twin planes shown). As rebuilt,
Defender is shown ready for launch at Lake’s Bridgeport base. Above her twin propellers is the shutter of a stern torpedo tube. Lake’s
characteristic pair of amidships planes have been folded up (they are forward and abaft the big conning tower).

After the sinkings of the S-4 and S-51, Lake and his submarine commander, Capt. Sloan Danenhower, refitted Defender for
submarine salvage trials, which were to have begun in January 1929. Lake and Danenhower argued that salvage work conducted
from a submerged submarine would not be affected by rough surface weather. In April, however, the boat was offered to Sir Hubert
Wilkins for Arctic exploration (the larger O-12 was rebuilt in her place).

Plans for the salvage trials were revived, and on 26 June 1929 Defender made a successful test dive to 156 ft off Block Island. The
submarine dropped her mushroom anchor and then followed it down. A diver from the submarine successfully attached air hoses
to a pontoon simulating a sunken submarine. The tests ended in a dispute with the navy; in December 1929 Rear Adm. . D. Beuret,
the chief constructor, reported that Lake’s test, conducted in smooth water, proved little, and work was abandoned.

Reportedly Defender was to have participated in Lake’s June 1930 search for gold aboard the sunken British frigate Hussar, but
instead she remained moored at New London. In February 1932 she developed a leak and nearly sank, but she was saved, only to
sink several times at the dock. In December 1937 it was announced that she would be scrapped. Instead, she was beached on a mud
flat at Old Saybrook, Long Island, then scuttled in 1946 by the U.S. Army Corps of Engineers. (Submarine Force Museum and Library)
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and the electric motor turned on in 7 sec; at an 8-degree
angle, the boat reached 26 ft in 40 sec. At maximum under-
water speed, she could maintain depth within less than
12 in.¥ She remained underwater for 24 hr (albeit not
under way), twice what Fulton had managed 3 years ear-
lier. Trials included a 4-hr motor endurance run, with the
submarine’s bow up against the dock. Octopus was much
stronger than her predecessors and could better withstand
accidental deep dives. For the first time, the navy specified
a test depth, in this case 200 ft, to be sustained for
15 min. Octopus was suspended at this depth from a float-
ing derrick, 6 mi east of Boston Light.

On 29 June 1906, Congress authorized $1 million to be
spent on submarines following tests to occur within nine
months (i.e., by 29 March 1907). The bill was later
amended (2 March 1907) to extend the test period to
29 May 1907 and to increase the pot to $3 million.® Al-
though Octopus was not commissioned until 30 June 1908,
she was ready for trials during the crucial spring of
1907. Newport News launched a new Lake XV (Defender,
85 ft x 11 ft 3 in) on 27 February 1906, with delivery on
25 June.¥ Electric Boat and Lake both offered enlarged
versions of their boats for future construction.

Electric Boat won the trials.* Lake’s midships diving
planes failed to submerge Lake XV on an even keel; she
broached 18 times. The trials board also considered De-
fender far more difficult to control than Octopus because
her captain had to handle helm, planes, and ballast. In
Octopus, these tasks were split among the CO, planes
operator, and ballast operator. A scale model of a third
competitor, a semisubmersible boat, did well, but she was
not a true prototype and could not compete with a true
submarine.

The trials board wanted a faster, enlarged Octopus with
independently fired torpedo tubes. On 22 June 1907, the
Board on Construction recommended another compro-
mise: four Octopuses and four larger (340-ton, 133-ft) sub-
marines. It also wanted the guaranteed underwater speed
of the repeat Octopus class raised from 8 kt to 9 kt (to
match demonstrated Octopus performance), and it wanted

Electric Boat to guarantee 9.5 kt, rather than 8 kt, for its
enlarged design. The repeat Octopus group (EB 17C) had
250-BHP gasoline engines, rather than the 150-BHP units
in Octopus and the Vipers.

Based on experience with earlier classes, Electric Boat
included a second periscope, a radio, and underwater
signaling bells in its FY 08 bids.*! The Board on Construc-
tion found the bids ($313,000 for a 105-footer, $380,000 for
a 133-footer) far too high; it decided that the company
should provide only a single periscope and no radio or
underwater signal outfit. That cut the C-boat down to
$285,000; the board accepted $360,000 for the larger boat
on the ground that the new type was riskier. Evén so, the
order for 133-footers had to be cut to three.

Electric Boat's proposals were based partly on improve-
ments proposed in August 1907 by the Octopus trials board
for future submarines. Chief among the board’s sugges-
tions were a second periscope equipped with torpedo fir-
ing gear, a second pair of torpedo tubes, a quick-acting
torpedo tube cap (preferably with independent caps for
each tube), subdivision of the boat, independent air sup-
ply for automatic tank blowing, lowering of the adjusting
tank into the auxiliary tank, reduction of engine noise,
and making the engines reversible.£

Although the Board on Construction rejected Electric
Boat’s offer of a second periscope in the C and D classes,
early experience with Octopus and the Viper class revived
interest in such an instrument.*> When it was fitted to the
Vipers (B class), their surface (external) steering wheels
had to be moved from forward to abaft the conning tower
fairwater, which also carried a pair of ventilators fore and
aft. The contract for the repeat C class (FY 08) was changed
to provide second periscopes. Installation proved straight-
forward.

The larger Electric Boat design (EB 18) became the Nar-
whal (D) class. As the Octopus board wanted, two more
torpedo tubes were added; all four torpedoes were stowed
in the tubes. The conning tower was shaved to a narrow
cylinder, without a steering wheel. The external steering
wheel was eliminated, leaving a wheel only in the body
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Lake XV was Simon Lake’s unsuccessful competitor against Electric Boat's Octopus. This approximate sketch is based on contemporary
launch and running photographs. The solid waterline is for the light condition; the dot-and-dash line well above it is for the awash
condition. The vertical lines along the hull amidships are supports that could swing out to connect with a hydroplane guard when
the planes were folded out for use. Lake XV was later rebuilt as Defender, with a narrower superstructure (above the spindle pressure

hull) and a raked bow.
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D-3 (Salmon) is shown at the October 1912 naval review in New York harbor. This was the last Electric Boat class of gasoline- powered
submarine.

of the boat, with the diving station forward of it. For the
first time, the boat was internally subdivided: bulkheads
now cut off the commander’s view of part of the boat.
The bulkheads were both insurance against collision dam-
age and a way of making the hull more rigid (presumably
without adopting deeper frames, which would consume
more internal space). In this design they were placed fore
and aft of the controls amidships; other bulkheads sepa-
rated the torpedo room forward from the officers’ quarters
abaft it, and the crew’s quarters abaft the control space
from the engine/motor room abaft it. Because the com-
mander could no longer see or speak into the torpedo
room, the new bulkheaded design suggested a need for
some form of torpedo-firing gear (initially a buzzer at the
commander’s periscope, later a torpedo director) in the
control room.* Electric Boat’s proposed deadlights in the
bulkheads did not solve the problem of oversight for
the rest of the boat; they offered views only into the two
adjacent spaces, used for quarters.

There were still considerable habitability problems.*

The new submarine was designed to survive flooding
(by collision) of any one compartment; this limited com-
partment size. The control room had to be quite short (this
compartment included the conning tower above, as there
was no watertight hatch between hull and conning tower).
A mock-up demonstrated that the control room could ac-
commodate not only the men usually there but also the
commander, who would move down from the conning
tower to use the new second periscope. To keep the control
room short, Electric Boat wanted to let the second (for-
ward) periscope into the hull forward of the control room
bulkhead, with the fixed eyepiece projecting through it.

When the navy revived the second periscope, Electric
Boat offered its original fixed-eyepiece design. Much of the
pressure for a second periscope was directed, however,

toward providing the commander with a walk-around in-
strument.* Electric Boat protested that any changes, if
practicable, would be expensive. The first two boats were
completed to much the original design, with fixed-
eyepiece periscopes at the fore ends of their control rooms.
About 1911 these instruments were replaced by German-
made Goerz fixed-eyepiece instruments, in which images
remained erect as the tubes turned. By mid-1908 Electric
Boat had developed a modified EB 18A design, which it
would offer the navy for FY 09; the three EB 18s of FY 08
were modified to match.?

It proved possible to modify Salmon, the third boat,
because her completion was delayed by late engine deliv-
ery. In some FY 09 proposals Electric Boat provided only
two bulkheads, one at the forward end of the engine room
and one at the after end of the torpedo room. Salmon was
completed with this arrangement, which left sufficient
space free for the CO’s walk-around periscope with a tor-
pedo director. The necessary contract change was formally
approved in March 1910. In September 1909 Electric Boat
proposed installing new 130 HP interpole motors on board
Salmon. Although they were the same size and weight of
the original motors, they were designed to take a 100
percent overload for 1 hour so that they could discharge
the boat’s battery in one hour (rather than in the 3 hr for
which it was normally rated). Spear promised a gain of 1
to 1.5 kt. The new motors were also approved in March
1910. Before Salmon was handed over to the navy, she
was experimentally fitted with special higher-capacity
rheostats, to make 12.4 kt underwater (her normal maxi-
mum rating was 11.35 kt).*

During WW I, re-engining with modern diesels was
proposed. Initially rejected, it was carried out because
usable submarines were needed so badly: D-1 received
her new engines at Philadelphia in October 1918, D-2 and
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D-3 in February 1919. A similar planned re-engining of
the C-boats was stopped in 1919, with C-1 and C-4 stripped
for work to begin and the engines already delivered to
the boats’ base at Coco Solo, Panama.

There were now four bow torpedo tubes (with six torpe-
does), but they could not fire independently; as in the B
and C classes, they shared a single bow cap. It had two
openings and had to be rotated to allow the other pair of
tubes to fire. The nest could not be reloaded until all four
had fired and the cap had been reseated. From this class
on, U.S. submarines were required to be able to fire two
tubes simultaneously. In 1910, Salmon, the last of the D-
boats, showed that she could fire all four of her torpedoes
within 1 min. Tubes proved defective and were only
slowly fixed. (Problems with the B class, revealed in 1907
trials, were not cured until the fall of 1909.) Because sub-
marines fired dummy, rather than real, torpedoes on
trials, it was not always clear where the responsibility for
tube performance lay. Given the poor records of some

types of torpedoes, a contractor might be forgiven for
refusing to run firing trials (i.e., to risk rejection as a result
of torpedo, rather than submarine, defects).

A-class through D-class submarines originally fired
short, 45-cm (18-in) Whitehead Mk III torpedoes (3.55 m
long) from 5-m tubes. About 1912, the short tubes of the
C and D classes were replaced by long ones that could
fire any U.S. 5.2-m X 45-cm torpedo.? C-boats and D-
boats had Bliss-Leavitt Mk IV and IV-1 (1,452 Ib, 139.5-1b
charge, 2,000 yd at 30 kt). E through H classes all had
Bliss-Leavitt Mk VI (1,500 Ib, 200-Ib charge, speed 35 kt).
K-boats introduced Bliss-Leavitt Mk VII (1,628 1b, 326-1b
warhead, 6,000 yd at 35 kt). It was the last U.S. 18-in
torpedo; Mk X armed the R-boats and S-boats of WW L.
The gyros of Bliss-Leavitt torpedoes could be angled, but
submarine torpedo tubes at that time apparently lacked
facilities to set gyro angles. Four-tube submarines typically
had two set to run straight and two set to run 5 degrees
each way.

D-3, the last of her class, introduced some features planned for the following E and F classes. Unlike the first two D-boats, she had
only two bulkheads, one at the after end of the torpedo room and one at the fore end of the engine room. Pushing out the bulkheads
left much more space in the control room (and thus simplified periscope arrangement), but it also made the compartments so-large
that the boat was unlikely to survive if any one of them flooded. This decision, to arrange bulkheads for more efficient operation,
might explain why several U.S. submarines were lost to collision during the 1920s. Quite aside from simplifying internal arrangement,
placing the two periscopes very close to each other made it possible to brace both against vibration, a very serious problem in the
Octopus class. The telescoping radio mast is visible at the after end of the conning tower fairwater. As in earlier Electric Boat designs,
control rods for the planes and rudders were carried overhead, along the inside of the pressure hull. That is why the ship’s wheel
had to be suspended from the overhead, as is clear here, so that it could connect to the appropriate rod. (Jim Christley)



Lake attributed his many defeats to politics. On 29 June
1907, soon after the Board on Construction had decided
in favor of Electric Boat's Octopus, Lake’s attorney, former
Sen. John Mellen Thurston, argued that the law required
the Navy Department to purchase any boat proven supe-
rior to any U.S. submarine either on hand or on order as
of 2 March 1907. The department had erred in deciding
to buy the type demonstrated superior in the trials. On
30 July, the attorney general certified Thruston’s interpre-
tation. Lake publicly charged that Electric Boat had gained
its effective monopoly on U.S. submarine construction
through corruption.™

Secretary of the Navy Victor H. Metcalf saw a simple
way out. He offered Lake a contract: the resulting subma-
rine would not be accepted until it had proved itself equal
or superior to any boat either in service or on order as of
2 March 1907 (i.e., Octopus). No progress payments would
be made, so Lake had to raise all his building capital. He
had made his point and had to be taken into account in
all future submarine programs. A contract for a 500-ton
submarine, to be delivered in 27 mo at a cost of $450,000,
was signed on 3 February 1908. Lake promised that she
would be faster than any submarine in service: 14.5 kt
surfaced (for 4 hr, with sufficient fuel for 70 hr, compared
with 13 kt for Electric Boat) and 9.5 kt submerged (as in
the Electric Boat craft). Underwater endurance speed (for
3 hr) would be 8 kt. Batteries could be recharged on the
surface with the submarine running at 6 kt. Minimum
acceptable speeds were 12.5 kt surfaced (60-hr endurance,
compared with 12.5 kt and 50-hr endurance for Electric
Boat) and 9 kt submerged (as in Electric Boat’s craft). In
1908 congressional testimony, Secretary of the Navy Met-
calf pointed out that Electric Boat had generally exceeded
its guaranteed performance; Lake had no comparable re-
cord because he had not previously built any submarines
for the U.S. Navy.”

By this time, Lake had designed and built two further
generations of submarines, for Austria-Hungary and then
for Russia (see below). The Russian Kaiman class intro-
duced trainable deck torpedo tubes and a patented form
of pressure hull. Instead of being symmetrical around a
straight axis, the hull curved up at the ends. Lake claimed
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that this form made for easier diving and surfacing. Under-
water, it raised the center of buoyancy and improved roll-
ing stability. Lake apparently delayed laying down his
Seal (G-1) until he had a design ready, late in 1908, for
the FY 09 competition.” He ordered it and the FY 09 boat
(G-2) from Newport News. G-1 retained Lake’s trademark
features: his bottom wheels (two single wheels in tandem
this time), his diving compartment (usable at 35-75 ft),
and floodable tankage in the watertight superstructure
above the pressure hull.* Critics argued that the super-
structure flooded relatively slowly: G-1 took 5 min to sub-
merged from “light”” condition, and 4 min from “awash”’
condition, compared with 3 and 2 min, respectively, for
an E-boat or F-boat.* Compared with a single-hull Electric
Boat submarine, G-1 had a more satisfactory (more buoy-
ant) stern, albeit with lightly built diving planes, but she
had insufficient reserve buoyancy and hence was not sea-
worthy. Her most unusual feature, inherited from the
Kaimans, was a pair of twin deck tubes that could be trained
while the boat was stopped underwater or at speed on
the surface.”® She also had two bow tubes, with the first
independent shutters in U.S. service.

The G-1 trials board disliked Lake’s superstructure
tankage. It feared that, as the boat worked at sea, gasoline
lines would not remain pressure-tight. The tanks were
inaccessible for repairs, and, because Lake had provided
no gauges, it was impossible to tell how much gasoline
remained in any of them (superstructure plating had to
be removed to sound the tanks). On trial, G-1 demon-
strated an endurance of 66.73 hr (versus 70 hr guaranteed)
and an average submerged speed of 10.109 kt (1-hr battery
rate). It took 5 min 25 sec to go from full ahead surfaced
(14.10 kt) to 8.91 kt submerged (3-hr battery rate). G-1 also
demonstrated her inventor’s claim that she could hover
underwater.

G-1 differed from other U.S. submarines in having four
(rather than two) gasoline engines, two in tandem on
each shaft with a clutch between. This arrangement was
unsuccessful; the two forward engines were removed in
1916. The engine foundations proved far too light. Crank-
shafts often broke, putting G-1 out of service. Through
mid-1916, her longest trips were from New York to

G-1 (Seal), as built (1912), shows the deck torpedo tube positions fore and aft of the bridge. (Jim Christley)
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Lake’s Kaimans, built for Russia, incorporated many of the features of the later Seal, but they were extensively modified before they
were accepted. Alligator is shown here. The trainable torpedo tubes originally mounted forward of the bridge were replaced by the
dropping frames visible here, and the superstructure extended toward bow and stern. As first completed, these ships closely
resembled Seal. (A Private Collection)

Simon Lake’s first U.S. Navy submarine was Seal (G-1). The raised superstructure covers trainable torpedo tubes fore and aft.
Unlike contemporary Electric Boat submarines, she had housing periscopes. (Newport News Shipbuilding and Drydock Co.)
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In dry dock at Philadelphia, Seal clearly shows her after torpedo tubes and her stern configuration, quite unlike th

at of contem-
porary Electric Boat craft for the Seal’s propellers are well below the axis of the hull.

Charleston, South Carolina, during the June 1916 war record 256-ft dive in 1914. Because Lake was chronically
game. She was credited with excellent submerged han- undercapitalized, his submarines took far too Iong to
dling qualities, although she suffered from some problems build: G-1 was delivered 2 yr, 5 mo, and 15 days late. By
in submerged control. G-1 and the later Lake boats were 1918, G-1 was condemned as a slow diver, her engines
all fitted with radios. G-1’s greatest claim to fame was a worn out. On the other hand, her last Board of Inspection

Lake’s G-1 (Seal) shows her trainable torpedo tubes fore and aft of her conning tower fairwater.
wheel atop the fairwater, at its fore end. (Submarine Force Museum and Library)

Note the horizontal surface steering



and Survey (INSURV) report describes her as uneconomi-
cal but fairly reliable.

While these boats were being built, ideas on their use
crystallized. In 1905, the fleet was concentrated in the
Atlantic, with only limited forces on the West Coast. Ja-
pan’s victory in the Russo-Japanese War had released the
main restraint on its seapower, and tensions were rising
between the United States and Japan. A hostile Japan
would certainly threaten the Philippines, and people in
many communities on the West Coast feared Japanese
naval attack. Yet, the main U.S. industrial infrastructure
required for sustained fleet support was in the East, and
U.S. strategists considered the potential European threat
very important. Anything short of full concentration of
the entire fleet would leave weak forces that could be
picked off in detail. As the Spanish-American War had
demonstrated, however, concentration of the fleet left ci-
vilians in the major coastal cities feeling quite vulnerable.
They demanded close-in naval protection. To avoid split-
ting up the battle fleet, the navy had to maintain a force
of torpedo boats and monitors to supplement the army’s
forts. The Spanish-American War had even inspired con-
struction of new monitors, clearly at the expense of
battleships. To continue building and maintaining such
craft would detract from the vital concentrated battle
fleet.

In 1904, the Taft Board began the first formal review
of U.S. coastal defenses (particularly the division of effort
between army and navy) since the Endicott Commission
of 1886.% Initially, the General Board argued for a larger
army role. Given improvements in naval gunnery and
warship performance, however, the Taft Board concluded
that fixed defenses offered relatively little protection; the
United States would have to rely mainly on mobile war-
ships (submarines and destroyers) and mine fields.

The board seems to have been heavily influenced by a
1905 report on developments in the two most advanced
submarine powers, Britain and France. Reportedly, the
British had decided to transfer much of the responsibility
for coastal defense from the army’s controlled mine fields
to the navy’s submarines and small surface torpedo craft.”
The U.S. Navy cited this British experience in its disputes
with the army over jurisdiction for coastal defense, as in
the 1904 army attempt to buy Lake’s Protector. The U. S.
attaché in London reported that the 1904 British maneu-
vers (the results of which were not made public) had dem-
onstrated that submarines could keep blockading destroy-
ers and torpedo boats at least 10 nm offshore. French
experience had shown that submarines could operate ef-
fectively well out to sea: in 1901, Gustave Zede was towed
about 150 nm from Toulon to attack a squadron at Ajaccio
and then returned under her own power at 8 kt; in July
1902, four boats from Cherbourg successfully penetrated
and returned from the Brest roadstead, 200 nm away.

Initially, the General Board had argued that submarines
were not yet reliable enough for coastal defense. By 1906,
however, its position had changed. Submarines were far
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preferable to revival of coastal monitors. They could back
up the concentrated battle fleet and compensate for any
error that might allow an enemy’s fleet to slip past it.
Should the United States fight Japan, submarines were
the only way to defend the West Coast until the battle
fleet could arrive from the East Coast. Moreover, subma-
rines were the obvious solution to the serious problem of
defending the vulnerable Philippines and the vital U.S.
naval base at Subic Bay until the fleet could cross the
Pacific. In June 1904, the General Board had endorsed a
request forwarded by Rear Adm. W. Fogler, commander
in the Philippines, for two submarines, but the Navy De-
partment had rejected it.*

Once the fleet moved to the Pacific, submarines on
the East Coast would be needed to deter any possible
European involvement. The pre-1914 U.S. Navy also had
to defend the Western Hemisphere against a possible Eu-
ropean (most likely German) attempt to establish a new
colony in defiance of the Monroe Doctrine. In this case,
the U.S. fleet might have to develop an advanced base in
the Caribbean; submarines cruising out with the fleet
would help to defend it. An important caveat, however,
applied to each possible scenario: submarines were attrac-
tive only so long as their cost did not rise to the point of
threatening the battle fleet itself, which was always seen
as the decisive naval arm. For the next decade, submari-
ners and the General Board fought over the unit size, and
thus the unit cost, of submarines.

By this time, European navies were building subma-
rines for offensive operations in enemy waters. The crucial
difference between their submarines and the defensive
U.S. craft was geography. European nations were close
together; little was required to transform a submarine ca-
pable merely of going beyond the horizon into an offensive
weapon that could reach into enemy harbors. The only
foreign waters in which short-range U.S. submarines
could expect to operate would be around French or British
bases in the Western Hemisphere. The ideal—transoce-
anic performance for offensives into enemy home wa-
ters—was not yet attainable. U.S. submarines intended
for coastal defense, however, had to go well out into the
Atlantic and Pacific oceans. By European standards, they
were oceangoing boats.

In April 1907 the General Board study of submarine
deployment turned out to govern FY 09 building policy.
Until that time, all but two A-boats had been built on the
East Coast. Only the A- and B-boats were small enough
to go abroad (to the Philippines) as deck cargo on colliers.
Nothing larger could possibly make it across the Pacific.
Nor could any boat built on the East Coast steam around
Cape Horn to the Pacific. U.S. boats were never designed
for transcontinental transportation in knocked-down
form. In order of importance for submarine protection,
vital strategic points were Narragansett Bay, Hampton
Roads, Puget Sound, San Francisco, Olongapo in the Phil-
ippines, Guantanamo, and Honolulu. Although im-
portant, Key West was not listed as a potential submarine
base. So that they could be concentrated as needed, groups
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of about 4 coastal submarines would be based on mobile
tenders. The board’s distribution, therefore, implied that
12 submarines would be based on each coast, with another
4 in the Philippines.

In September 1907, Admiral Dewey formally requested
four or more submarines to defend Subic. At about the
same time, the board proposed that, of the FY 08 C-boats
and D-boats, two of each class be delivered on the Atlantic
Coast, then 2 D-boats on the West Coast and 2 C-boats
in the Philippines (manufactured in the United States but
assembled at Cavite or Olongapo in the Philippines). The
Board on Construction decided that any such arrangement
should be the subject of a separate contract. Money was
tight; the boats were all built and delivered on the East
Coast. Two Adders, however, were ordered to the Philip-
pines in January 1908; in September, the General Board
asked that the remaining East Coast Adders go to the Phil-
ippines (two of the three went in 1909). The only West
Coast submarines, the two A-boats built there, had to
remain there until 1915, when they could be replaced by
new larger boats. Two B-boats went to the Philippines in
1913, to be joined in 1915 by B-1.

For FY 09, the secretary of the navy asked for four
submarines. Congress bought eight (act of 13 May 1908).
The original intention apparently was to buy only some-
what improved versions of the most recent Electric Boat
design, but Lake had made that impossible. Too, the navy
badly wanted to find alternatives to the effective Electric
Boat monopoly, at least to enforce naval desires and re-
quirements on Electric Boat. Therefore, in October 1908,
it welcomed another potential contractor, the American
Laurenti Co., which offered submarines designed by Ces-
are Laurenti of Italy.

By September 1908, the General Board considered it so
urgent to build modern submarines on the West Coast
that it wanted six of the eight FY 09 boats built there
(BuNav had proposed five). Because of its connection with
Union Iron Works, only Electric Boat could build on the
West Coast. Lake offered to build a boat at Bath Iron Works
or at an unspecified West Coast yard (he soon opened his
own Lake Torpedo Boat Co. yard at Bridgeport). Because
he had not yet begun work on his first U.S. submarine,
he could not be awarded more.

Laurenti had arranged for Cramp, a major East Coast
yard, to build any boats for which it received contracts.
Although Laurenti would use a proven Italian design, the
Board on Construction deemed it imprudent to award the
new company more than one boat. Rather than award the
other six to Electric Boat, the board proposed that the navy
build two West Coast boats at Mare Island Navy Yard.
Electric Boat could build two at Union Iron Works and
offered to build two more at an unspecified West Coast
yard. (It eventually chose Moran in Seattle, which had
not previously built submarines.)

BuEng wanted to use a new and unproven double-
acting gasoline engine, probably offered by the Standard
Motor Construction Co. of Jersey City. Electric Boat of-
fered its version of the Vickers diesel. The Board on Con-

struction appreciated the potential of the diesel; initially,
it wanted Electric Boat to build two diesel and two gasoline
boats (Mare Island would build repeat D-boats).

Electric Boat clearly feared competition from & navy
yard. It refused to provide the navy with working draw-
ings of boats (D-class) still under construction, with the
argument that it could not guarantee their accuracy. (Its
highly trained shipyard workmen could work around er-
rors, but an inexperienced Mare Island work force might
not, to the company’s cost.) Electric Boat offered working
plans of its earlier C class (this experience probably ex-
plains why the first navy yard—built submarine was a Lake
design). The board retreated and abandoned Mare Island
on the ground that the yard would be fully occupied with
building its assigned FY 08 collier. That left a navy yard
on the East Coast. By late January 1909, the board knew
that there was insufficient money: Electric Boat would
build the two East Coast boats.

Electric Boat also vigorously protested building any
more gasoline boats. The major foreign submarine navies
(England, France, Germany, Russia, and Japan) had aban-
doned gasoline. Surely, the U.S. Navy should not be left
behind. Lake offered to install a foreign diesel engine, but
Electric Boat had already tested its own engine. The board
liked diesels but observed that, in service, they were not
yet as satisfactory as gasoline engines; it would be best to
limit diesels to two boats. Electric Boat retorted that the
particular gasoline engine in question was a risky proposi-
tion—untested and sharply criticized by many engineers.
The company claimed that its diesel was superior to those
causing problems abroad.

Electric Boat offered three basic designs: the 340-375
ton EB 18 and EB 19 and the 400-435 ton EB 20.¥ EB
18A was essentially a D-boat lengthened by 1 ft 6 in and
provided with a second periscope (its eyepiece in the con-
trol room), a torpedo firing control, a hatch at the base of
the conning tower, a portable extension bridge (with hatch
trunk), and submarine signal apparatus. She fell a knot
short of the required 14 kt. EB 19, very nearly a dieselized
D-boat, was rejected for the same reason. EB 20A and EB
20D were diesel- and gasoline-powered 14-kt submarines;
the diesel-powered EB 20B was unacceptable because it
was too slow (13.5 kt).

The board chose two EB 20As and two EB 20Ds for
the West Coast. Money was tight, so it favored the least
expensive alternative, two EB 18Cs boosted to 14 kt, for
the East Coast. Electric Boat objected to both choices. EB
20D lacked the endurance to go from the West Coast to
Hawaii. Late in 1908, the company offered to increase EB
20B’s speed by modifying the engine. As modified, EB
20B was faster underwater than EB 20A and had a much
better radius of action than EB 20D (though still slightly
shorter than EB 20As). Four EB 20Bs became the U.S.
Navy’s F class.

In EB 18C, the requisite extra } kt could be gained
only by cutting tonnage (batteries and motors) at a cost
in endurance (70 hr versus 85 hr at full power), underwater
speed (10.25 kt versus 11.25 kt), and even stability. EB 19



A)

These drawings show how the standard Electric Boat design evolved. In each drawing, batteries have been shaded in for clarity.

(A) D-1, shown in March 1918, was the first such boat to be subdivided for survivability. The compartments defined by the bulkheads had to be small (i.e., bulkheads had to
be close together) so that the submarine (surfaced) would survive flooding any one of them. They greatly complicated internal access, and bulkheading was drastically reduced
in the last boat of the class, Salmon (D-3). Changes made late in construction included a second periscope, entering the hull just abaft the bulkhead at the fore end of the control
room, and an air-operated signaling bell, indicated on deck. This drawing clearly shows Electric Boat’s duct keel, draining the ballast tanks fore and aft, controlled centrally by
Kingstons operated directly from the control room. Aft, the watertight duct ran up into the bilge pump, which was driven by the propeller shaft. This was a very neat arrangement:
the single pump aft could easily pump out all the main ballast tanks fore and aft, by putting suction on the duct. Without a single watertight drain running fore and aft, Lake
had to provide each tank with its own connection to pump suction. It was therefore natural for him to locate pumps amidships, under the control room. There they could not
be driven directly by the main motors or engines; they required their own motors. Electric Boat’s duct keel made for a neat internal arrangement but also for relatively slow
flooding. In the company’s production S-boats (5-18 and above), the forward ballast tanks had their own remotely-controlled Kingstons, and the watertight duct keel ended just
forward of amidships. These tanks, which would bring the boat’s head down for diving, could therefore flood particularly quickly. Post-World War I U.S. submarines eliminated
the duct keel altogether in favor of individual Kingstons in each tank, with remotely-controlled vents (driven by British-style hydraulic telemotors). Riding the vents (i.e., with
Kingstons open), a submarine could dive quickly merely by opening the vents and letting out the air that kept the tanks empty. The S5-boats and their predecessors, however,
generally could not ride the vents because their ballast tanks were too leaky. They had to rely on their Kingstons to the end of their service lives.

Electric Boat also considered the duct keel and the ballast tanks safety features, protecting a boat if she grounded; the company argued that the tanks, which were built to
withstand full sea pressure (since they would be flooded when the boat dove), formed, in effect, an inner bottom over the forward part of the hull.

Just below the control room was the adjusting tank, with its own side-by-side Kingstons (also operated directly from the control room). Using this tank, the boat could be
trimmed from the control room, using Electric Boat’s patented trim line. This type of direct control was extremely important in an era predating the reliable remote control of
individual valves.

This drawing also shows Electric Boat’s characteristic power train, with auxiliaries driven by the propeller shaft: the bilge pump, with an air compressor abaft it, and the thrust
block (note arrows). The temporary bridge, with its portable canopy frame, and the external ladder, which could be protected by a portable trunk, can also be seen. Note also
that the bulkheads fore and aft of the control room each covered part of the deck above the battery. The forward bulkhead could not be pushed much farther forward—to clear
a walk-around periscope—because it would then block access to the battery. Electric Boat also argued that the head (at the fore end of the battery space) could not be enclosed
because any enclosure would block access to the battery. Two radio masts are shown, an antenna slung between them. Arrows indicate the submarine bell on deck forward and
the two periscopes. (The object forward of the first periscope is a ventilator; note how the eyepiece of the forward periscope is just inside the forward bulkhead of the control

room.)
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(B) E-2 was, in effect, a diesel-powered D-boat incorporating the changes ordered in 1908. The signaling bell was included late in the design process, so it is still on deck
(forward) unusable when the submarine is surfaced. The after part of the bridge structure shows a ventilator leading into the control room and providing intake air for the engine.
Access to the bridge was only via the conning tower hatch and the external hatch abaft the conning tower fairwater. A temporary trunk that led from the hatch in the deck up
to the bridge could be fitted, but it was much disliked. The space abaft the control wheels contains the switchboard and the rheostats (under the ventilating fan shown).

In this design both periscopes pass into the control room, with a narrow conning tower between them. Forward of the forward periscope is a big ventilator; the telescoping
radio mast lies forward of it. Note that the only ship’s wheels are on the bridge and in the control room. When submitting this design (and the companion F-class design), Electric
Boat argued that the volume of the conning tower should be minimized to give the maximum elevation at minimum reserve buoyancy when the submarine ran awash, ready to
dive. It should be limited, therefore, to a surface conning station. For submerged work, the company argued that the commanding officer should not only be near the quartermaster’s
station (the helm) but also near the diving gear, depth gauges, air manifolds, and the valves controlling the main ballast tanks—i.e., in the control room. He needed a periscope
with torpedo controls; the second periscope was for the lookout.

Furthermore, the company reasoned, in the event of a collision with a surface ship, the conning tower was the most likely watertight part of the submarine to be hit. Consequently,
it was designed to yield without opening up the hull. The surface bridge was in two parts. A small platform atop the conning tower was expected to suffice for good weather or
for short runs in bad weather. Although it could be disassembled, it was small enough not to add much underwater drag. For long runs a portable section could be added, together
with a trunk leading up from the hatch abaft the conning tower, to provide access without interfering with the conning tower itself.

The trunk proved to be quite unpopular. E- and F-boats were powered by non-reversing diesels. Friction clutches connected the main engines to the motors. As a result, the
engines could be disconnected while running and the propellers could be reversed by the motors for maneuvering on the surface. It later turned out that friction clutches were
unreliable; positive-engagement (claw) clutches were used in later submarines. Arrows indicate the two periscopes and, aft, the motor, bilge pump, and air compressor.
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(O) H-2, shown as in 1918, displays the standard World War I “chariot” bridge but not standard wartime listening equipment. In this design the conning tower was greatly
enlarged (in response to submariners’ complaints) and a periscope restored to it, with sufficient space to make it a walk-around unit. The conning tower fairwater enclosed the
external hatch just abaft the conning tower, so there was foul-weather access to the bridge (outside the conning tower) without using a temporary trunk or external ladder. The
ventilator abaft the conning tower—the telescoping radio mast is just forward of it—fed the main induction (engine room air intake), with a valve leading into the main diving gear
station abaft the control room.

Another ventilator, at the fore end of the bridge, fed forward spaces and ventilated the battery. The tube just abaft it (the rattail) carried radio lines down into the radio room
just forward of the control room. Note the streamlined shears carrying the two periscopes and reinforcing them against vibration. In the control room the two wheels controlling
the forward and after planes are shown with the ship’s wheel. (There is a second ship’s wheel on the open bridge.) At its after end, the space abaft the control room contained the
battery-charging and motor-control panel and the rheostats used to control the motors. The prominent horizontal shaft running between the torpedo tubes forward turned the bow
cap, which uncovered the tube muzzles.

A temporary torpedo loading tray is shown on deck above the torpedo hatch forward. The three cone-shaped objects in the quarters just abaft the torpedo room, pointing down,
are stowed torpedo warheads. Abaft the motor are the main auxiliaries driven by the propeller shaft: the main bilge pump and air compressor, then the thrust block (the signal bell,
arrowed, is between the bilge pump and the air compressor). By the time this design was begun, signal bells were a standard requirement, so Electric Boat placed one on the keel
aft, where it could be used even when the boat was surfaced. This location was standard in later Electric Boat designs.
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A midships cross section of E-2 (left) illustrates Holland’s patented U-shaped tank, in this case surrounding the boat’s
safety (adjusting) tank. A similar cross section of Lake’s G-1 is shown at right. Because Holland had patented the U-
shaped ballast tank, Simon Lake had to use inefficient flat-topped tanks. For example, he had to place his batteries
on top of the tanks (limiting overhead space), where Holland could surround batteries with tankage. In both drawings,
shading indicates ballast water. Note that E-2’s hull is not perfectly circular; it has a flat bottom where the pressure

hull joins the duct keel.

could be easily boosted % kt without any cost in battery
or motor, partly because its hull form was easier to drive.
Engine power would be increased by enlarging the cylin-
ders (for 12 in X 12 in to 12} in X 13 in). Full-power en-
durance would fall from 125 hr to a still very impressive
115 hr. Endurance at 11 kt was 2,475 nm (3,465 nm
with fuel in ballast tanks), compared with a maximum of
1,380 nm at 10.5 kt for EB 18C. Electric Boat offered the
modified EB 19A for the same price as EB 18C; she became
the E class.

A skeptical Board on Construction was mollified by a
contract guarantee that if the new engine did not prove
as satisfactory as the earlier gasoline type during the first
6 mo, Electric Boat would have to replace it with a specified
type at no cost. Although in theory diesels were a great
advance, in practice they were quite unreliable: typically,

they had to be rebuilt after 500 mi. Theoretical craising
radius, based on fuel efficiency rather than reliabilitv, was
2,400 nm. Both E and F classes had to have their engines
replaced. The F-boats also suffered from weak battery en-
closures that allowed acid to leak into their bottoms and
thus to destroy their hulls (F-4 foundered for this reason).

Almost certainly in the interest of streamlining, Electric
Boat had already drastically reduced the size of the con-
ning tower to near-uselessness in the D class. It took the
next step, moving the conning tower periscope down into
the body of the boat, in the E and F classes.? The other
(now longer) periscope was mounted abaft the conning
tower, nearer the steering station. Although the ccnning
tower was little more than a trunk, it retained its deadlights
(presumably for surface navigation in severe weather).
Surface operation in rough weather demanded a real
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USS Skipjack (E-1). (Jim Christley)

bridge, and the external steering wheel was restored in
the form of a conventional steering stand at the fore end
of the conning tower (whose hatch was hinged aft to give
access). A binnacle was mounted on the bridge platform,
which extended aft from the conning tower roof. Unfortu-
nately, moving the CO down into the operating compart-
ment resulted in great congestion.®!

These classes introduced bow diving planes to Electric
Boat practice. The effect of adding bow planes was to
separate dynamic control of angle on the boat from control
over the angle of dive or rise in the water. Bow planes
were used for precise depth control and to keep a boat
from broaching after firing a torpedo.® Stern planes in
the propeller slipstream were typically used to control the
angle on the boat. As Electric Boat craft grew, they no
longer dived at steep angles. By 1911, a typical diving
angle was 2.5 degrees (4-5 degrees when diving rapidly);
boats could also dive at 1 degree, but that took longer. It
was no longer possible (or, for that matter, desirable) to
porpoise.® These classes introduced electric power for

their stern planes. Like the D-boats, E-boats and F-boats
carried six torpedoes.* They were the first U.S. subma-
rines with permanent radios on board.

For FY 09 Lake offered both a 135-footer and a 161-
footer similar to G-1.% He seems to have assumed that
the obvious superiority of the latter would cause its selec-
tion and was shocked when the Board on Construction
selected the less expensive 135-footer. He seems to have
ordered G-1 to the larger design in expectation of the
repeat order. Presumably he expected to economize by
using the same hull drawings (lofting) for both boats.
Progress payments on G-2 would pay for this work. He
therefore offered the navy an austere version of the
161-ft boat for the same price as the 135-footer. The Board
on Construction was happy to accept.*

Thus, Lake’s FY 09 boat, Tuna, repeated the G-1 hull
but lacked deck tubes; instead she had three bow tubes
and one stern tube (the first internal stern tube in a U.S.
submarine). Her flat upper deck ran virtually her whole
length; G-1's raised superstructure ran only far enough

TET '

Electric Boat designed EB-19B for Chile (as Antofagasta), but the deal fell through; just before the outbreak of World War I, the
premier of British Columbia bought her for Canada. When the central Canadian government approved the purchase, she became
CC 2 (because of her resemblance to the British C class). Ordered to Europe, the two CC-boats were the first submarines to transit
the Panama Canal. Upon arrival at Halifax, however, they were judged unfit to cross the Atlantic. They were discarded in 1920.
CC 2 was an E-class submarine redesigned with two fewer tubes forward and with a single tube on the centerline aft, as shown
here. Reloads were carried for each of the bow tubes (note that they have individual shutters, not the contemporary U.S. rotating
bow cap). There is no separate after torpedo room. The boat’s stern form resembles that of the larger double-hull Russian cruiser
(EB 31) and of M-1. This design inspired U.S. Navy demands for one or two stern torpedo tubes in what became the K class. Note
that, unlike the E class, this boat had a conning tower periscope, as well as one let into the central compartment. CC 1 (ex-Iquique)
was the somewhat shorter EB-19E (144 ft 3.5in x 14 ft X 11 ft 6 in, compared with 157 ft 63 in x 14 ft 11}in x 11 ft; displacements
were 313/373 tons and 310/373 tons, respectively), which had four bow tubes. Both were rated at 13 kt surfaced (600 BHP) and
10 kt (260 HP) submerged. (Jim Christley)
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The closely related E- and F-boats were the first U.S. submarines with diesel engines and the first Electric Boat submarines with
bow planes. F-2 (Barracuda) is shown ready for launch, March 1912, at Union Iron Works in San Francisco. She was vir-ually
complete then, since she was commissioned (after preliminary trials) only three months later.

to cover the two trainable torpedo tubes. One forward
and the one after tube were mounted inside this extended
casing. Unlike G-1 and the later G-3, G-2 lacked Lake’s
diving chamber. G-2 was the last submarine Lake built at
Newport News. She was almost complete (2 yr, 2 mo,
and 16 days late) when Lake declared bankruptcy on

6 November 1913. Tuna was placed in service but did not
begin preliminary trials until 30 November 1915. She was
then turned over to Lake’s reorganized company for fur-
ther trials and completion. by this time, her design was
quite dated.®”’

Lake received another submarine contract in FY 10,

In the F class, the conning tower is shown in dashed vertical lines between the two periscopes. This class and the E class introduced
bow planes into Electric Boat practice. (Jim Christley)
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In 1908, Simon Lake bid on the U.S. FY 09 submarine contract. He offered both a 135-footer and a 161-footer, the latter clearly related
to G-1 (Seal). Obviously, he hoped to sell the larger design; he seems to have believed that by going beyond the navy’s stated
requirements to produce the best possible ship, he could overturn Electric Boat's effective monopoly. To prove that his claims were
realistic, he had a towing-tank model of his 161-footer built and towed in the navy’s experimental tank at the Washington Navy Yard.
He also had Bath Iron Works make a dummy hull section, which he tested to prove it could withstand pressure at the standard 200-
ft test depth. These drawings are adapted from Lake’s photographs of the towing-tank model, which presumably represents his
proposed 161-footer. This boat would have displaced about 400 tons surfaced and 518-535 tons submerged, including 68 tons of water
in the watertight superstructure. Armament would have been two bow and four superstructure (twin-mounted, trainable) torpedo
tubes, the latter (like those in G-1) firing over a 120-degree arc on either broadside. The surface power plant would have been four 6-
cylinder, 300-BHP White & Middleton gasoline engines, two clutched in tandem on each shaft, with 10,700 gal of gasoline. Each of
two motors would have generated 300 HP (375 HP for 2-hr overload, 450 HP for 3 min) served by a 120-cell battery (3,840 amp-hr at
the 3-hr rate). Lake claimed a design diving depth of 300 ft. He expected the boat to dive in 6 min (in 15 sec from wartime cruising
condition). To Lake’s disappointment, C&R and BuEng suggested that the navy buy the less expensive 135-footer. After the contract
had been signed, Lake offered to build an austere version of the 161-footer at the same price, and the navy agreed. The two technical
bureaus were happy to forgo such features as wheels and the diver’s chamber, on the ground that they had never really been wanted
in the first place. This boat was G-2 (Tuna).

Although conceived as a duplicate Seal, Tuna (G-2) dispensed with trainable tubes in favor of fixed
tubes at her ends. The shutters of her paired stern tubes are visible in this pre-launch photograph.
(Newport News Shipbuilding and Drydock Co.)
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Tuna (G-2) was Lake’s second submarine for the U.S. Navy. Note Lake’s trademark features: his midships and bow diving planes
(each with its guard below it), his ship-shaped stern (unlike Electric Boat’s), and his paired conning towers, one for the commanding
officer and a separate one for the navigator. Lake’s watertight superstructure accommodated both torpedo tubes and torpedo
stowage fore and aft. Another pair of bow tubes (not visible in the inboard profile) were blistered out from the pressure hull.

Note also the tandem gasoline engines. (Jim Christley)

for G-3 (Turbot). Laid down at a new yard he opened at
Bridgeport, she was similar to G-2 but had diesel engines
and twin, rather than single, tubes at each end of the
raised superstructure, for totals of four bow and two stern
tubes and 10 instead of 8 torpedoes. After Lake went
bankrupt, G3 was delivered to New York Navy Yard for
completion on 31 December 1913 and was ready for
tuning-up trials in April 1915. It then turned out that she
lacked reserve buoyancy and stability; the reorganized
Lake Co. had to install blisters (sponsons). She was not
ready for preliminary trials until 1916. Lake’s G-boats were
never fully operational, perhaps partly because their
nonstandard design would have complicated logis-
tics.®

The Laurenti submarine was G-4. Laurenti, a former
Italian naval constructor, was already a well-known sub-
marine designer.® In the 1906 Italian maneuvers, two of
his boats ran 600 mi from Taranto to Venice under their
own power and twice attacked the Italian fleet in the Mar
Grande—once in daylight, once at night. In the 1907 ma-
neuvers, they ran 1,300 nm from Venice to La Spezia. G-
4 was the last U.S. gasoline-powered submarine. As with
Lake’s boats, she was very late (by 2 yr, 10 mo, and 28
days). By then, she was quite obsolete. Her machinery
proved too light, she rolled excessively (a stabilizer had
to be fitted), she needed more rudder area, and her planes
had to be modified. In 1916, however, the Submarine
Flotilla liked her despite her problems.

Lake’s G-3 had to be blistered, as shown, before she was accepted. Note her two amidships planes, in addition to conventional
fore and aft planes. The big openings in the sides of the hull are flooding ports. (Jim Christley)
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Hauled up on the marine railway at Lake’s yard in Bridgeport, Connecticut, G-3 shows the blisters added to provide adequate
stability. Note also the separate shutters of her hull and superstructure bow torpedo tubes and the torpedo crane on deck. This
photograph was taken on 9 December 1915. (Submarine Force Museum and Library)

Submarines grew quickly before World World 1. Lake’s big G-3 is shown alongside Electric Boat’s much smaller D-1 at New
London, 4 May 1920. Both show the standard wartime modification, a permanent metal (“chariot”) bridge. G-3 also shows a radio
mast aft, a torpedo loading crane forward, and the shutter of one of her above-water bow tubes (the other tube on this side was
below the surface). (Adm. John S. McCain, Jr., via the Naval Historical Center)
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Laurenti’s G-4 (Thrasher) was a typical early double-hull design in which the ship-shaped outer hull formed the entire outside cf the
submarine; there was no floodable (“seif-baling,” in contemporary parlance) superstructure.

Like Laubeuf, Laurenti emphasized surface perfor-
mance: he thought of a submarine as a surface torpedo
boat that could submerge at will. He used a boat-shaped,
rather than circular-section, pressure hull to increase us-
able internal volume. For example, a man could stand
upright in any part of the machinery space. When the
boat was submerged, her commander could work from
within the spacious control room rather than from an ex-
ternal conning tower; Laurenti claimed that this central
position made for better control and greatly reduced the
chance of an accident. The structure between the two hulls
supported both of them (an elliptical hull is inherently far
weaker than a more conventional circular-section hull).

Like Lake, Laurenti sought increased power by placing
two engines on each propeller shaft. Unlike Lake, he pro-

vided no clutch between the fore and aft engines, so (un-
like G-1) G-4 could not have her forward engines removed;
she retained all of her engines to the end They were
never considered reliable (possibly, in part, because it was
difficult to obtain spares during WW I), and the boat could
exceed 10.5 kt for only a few hours at a time. Laurenti
also paired electric motors in tandem on each shaft.”
Unlike most of his contemporaries, Laurenti used wa-
tertight bulkheads. These saved a boat from flooding when
an engine cooling jacket burst during the 1906 Italian ma-
neuvers. Bulkheading also made diving quicker; because
the engine room could be sealed off, the engine did not
have to be cooled first. This practice proved unfortunate.
After they had been shut down, the engines had to be
ventilated for several minutes before a dive. When G-4

Cramp’s Laurenti-designed Thrasher (G-4), unlike contemporary Electric Boat craft, had her ventilators on deck, where access (to
prepare for diving) was likely to be difficult in rough weather. Note the droppable safety keel. (Jim Christley)
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G-4 was essentially a submersible surface torpedo boat. For example, her conning tower resembled that of contemporary small steam torpedo boats. The flasks
shown above each pair of torpedo tubes (fore and aft) contain firing impulse air. The rods connecting the plane control wheels to the planes are shown, as is
the safety keel. Note the paired gasoline engines and electric motors on each shaft. This arrangement convinced U.S. submariners that power could be easily
increased to achieve greater speed. The device abaft the two motors (abeam the electrical switchboard) is the air compressor, with the main ballast pump abaft
it. Crew accommodation is shown forward of the control room and abaft the after vent fan (under the after ventilator). Batteries are fore and aft of the main

ballast tanks.
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tried to crash dive, several crewmen were overcome by
fumes.

Even with freeing-ports open, Laurenti’s superstruc-
ture was substantially watertight, as in a Lake submarine.
During diving, water was let into the large ballast tanks
below the waterline, below the center of gravity, before
the superstructure was filled. Lake tended to fill his super-
structure first, so that he risked losing stability at a critical
moment (his solution was to provide a heavy lead keel).

Unlike Electric Boat, Laurenti used linked fore and aft
diving planes, which were supposed to provide firmer
depth control. The Laurenti boat also differed from its
contemporaries in having a topside rudder in addition to
the usual one. The design included a pair of haul-down
screws, but they were not installed.

Laurenti claimed a surface speed of 14 kt and a sub-
merged speed of 9.5 kt; endurance was 980 nm at 14 kt
or 2,200 nm at 8 kt surfaced (submerged, 3 hr at 8 kt, the
standard rate, or 45 nm [7.5 hr] at 6 kt). Diving time from
full speed on the surface to 8 kt submerged was given as
6 min. Armament was four torpedo tubes, paired fore and
aft, with four reloads.

European builders showed little interest in licensing
their designs to U.S. builders. They might have feared
that Electric Boat and Lake would sue them for patent
infringement. Frustrated in their attempts to secure access
to foreign ideas, C&R and BuEng suggested jointly in
March 1913 that an FY 14 boat be ordered abroad. That
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June, Secretary of the Navy Josephus Daniels formally
approved the project, provided that the submarine was
atleast equal to U.S. types (L and M classes) but materially
cheaper (attachés were told that about $600,000 would be
available). As might have been expected, Electric Boat
complained bitterly that foreign purchases would kill off
the U.S. naval shipbuilding industry. The program died,
however, only because WW I intervened. Its failure made
the navy’s own program to develop a design and produc-
tion capacity more urgent.

It took some years for these boats to achieve their theo-
retical performance. By November 1910, the D-boats were
considered good for continuous 50-hr engine runs. and
their effective range was 500 nm. By early 1911, exercises
showed that the C-boats could remain at sea for about 4
days and the D-boats somewhat longer.” It was consid-
ered a major achievement when four C-boats and three
D-boats ran from Newport to Gloucester, Massachusetts,
in mid-1911, most of the 190 nm submerged; the run was
made in segments, the boats anchoring in harbor over-
night.72 Gasoline fumes caused some problems; some in
the submarine flotilla wanted a bulkhead to isolate the
engine and its fumes from the forward part of the boat.
There was some fear that gasoline engines would not run
properly after long submerged runs.

Changes to propellers and engines during 1912 were
expected to make the C-boats and D-boats practically self-
sustaining for up to 10 days (i.e., within a surface radius

Cross sections of Laurenti’s G-4 (Thrasher) at the control room (left) and at the engine room (right) show this boat’s characteristic
elliptically shaped pressure hull, heavily braced against her outer hull.



0f 1,000 nm). They were credited with a submerged radius
of 35 nm at about 8 kt, or 75 nm at about 5 kt. In 1912,
these boats cruised without escorts as far north as Glouces-
ter and as far south as Norfolk, Virginia. In February 1913,
the C-boats, accompanied by the monitor Ozark, com-
pleted the longest cruise to that date by U.S. submarines,
700 nm from Guantanamo Bay, Cuba, to Cristébal, Pan-
ama, without serious engineering problems.” The word
seagoing, however, could be exaggerated. During FY 15,
average mileage for the two classes considered by BuEng
to have proved their mechanical reliability was 927 nm for
the C class and 1,163 nm for the D class. In 1916, the
Atlantic Submarine Flotilla asked that the gasoline engines
of both classes be replaced with diesels. Initially vetoed,
this was later approved and completed in the D class but
never carried out in the C-boats.”

A big week-long May 1915 exercise provided a more
realistic test of these submarines. D-1's CO thought the
exercise demonstrated that she could remain 7 days away
from a base and that she could have remained away an-
other 2 days. She was reliable, but the CO considered her
unsuited to long-range coastal work because of fumes,
dampness, and constipation of her crew.” D-2 did worse.
On 21 May, she had to be towed for a time when the
port crankshaft broke while the starboard engine was
out of commission. Both engines were inoperable for
30 hr.

E-1 spent only 2 days at sea. Both of her engines broke
down on 22 May and had not yet been repaired when the
exercise ended on 27 May. Her radio did not work at
all. Nor could she always dive: her CO thought all her
Kingstons were stuck by bitumastic paint in the ballast
tanks (but “afterwards found not to be so’” was written
in pencil). E-2 had one engine out of commission for 2
days. Her CO considered her engines fair, “better than
can be relied upon for future performance.” Even so, he
considered her good for the 7 days of the exercise, and
capable of staying out another 2 days. The crew’s health
was “fair, probably due to good weather,” but the CO
complained of “insufficient berthing space, sleeping on
deck, noise, vibration, engine fumes, dampness, constipa-
tion.” Nor was her radio effective: she could receive only
at 3 nm.

Although she had not yet run official trials, G-2 partici-
pated in the maneuver. Her CO considered her too small
for the work demanded of her. Her effective full speed
was 12.5 kt, but her best reliable patrol speed was about
9.5 kt. She remained 7 days away from base and could
have remained efficient for 3 more days. Health was good,
except for effects of gasoline fumes on the engineer’s force
and poor ventilation of the living compartment. The CO
did not consider G-2 seaworthy in a rough sea; ventilation
of the living compartment was very poor at all times. She
was able to receive radio messeges at 25 nm (at 75 nm
from high-powered stations), using 6-ft masts fore and aft
and aerials rigged to a yard on the forward periscope. She
was not always ready to dive because of inexperienced
personnel and leaky outboard exhaust valves; the CO had
not previously submerged.

HARBOR DEFENSE 69

Her CO considered G-4 too small for the required work,
but he also thought that she had demonstrated greater
endurance (10 days) than any of the other boats (7 days
each), and that she could have remained out for another
2 days. Engines were “excellent,” but one was out of
commission for 5 hr (it was repaired). The CO kept his
batteries two-thirds charged at all times.

Both Electric Boat and Lake tried hard to sell their sub-
marine designs abroad. Many Electric Boat export designs
were probably versions of U.S. Navy types, their origins
concealed (to avoid legal action) by coding their design
designations. The two digits of the EB design number
were reversed and separated by a zero, so that the export
version of EB 26 (the H-boat) was EB 602. These designa-
tions were used even when the U.S. Navy did not buy
the design.

During 1905, the two companies competed directly in
Austria-Hungary. Having failed to obtain a satisfactory
home-designed submarine, that navy ordered competitive
prototypes from Electric Boat, Germania (Krupp), and
Lake, each about 100 ft long. Electric Boat's licensee was
Whitehead (in Fiume). It assembled two boats (U 5 and
6, EB 17B design derived from USS Octopus, EB 17A),
largely prefabricated in the United States and launched in
February and June 1909. Poorly installed gasoline engines
nearly suffocated their crews. Whitehead built a modified
third unit on speculation (EB 17E design, launched in
March 1911). The Austrian Navy did not buy it because
the competitive trials had not yet been completed, and
the company offered it to Brazil, Bulgaria, the Nether-
lands, Peru, and Portugal. The Austrian Navy took it over
as U 12 at the outbreak of WW 1.76

Marley F. Hay, who was probably trained by Electric
Boat, became submarine designer for Whitehead and for
Denny, an associated British builder (his boats were called
either Hay-Whiteheads or Denny-Hays). About 1910, the
Royal Netherlands Navy began buying his submarines:
four O-2 class (design A-3) and one K-1 class (design K-
1). Electric Boat considered them licensed versions of its
designs.” Whitehead and Copenhagen Navy Yard built
six somewhat larger single-screw diesel submarines (Hav-
manden class, design T-3, launched in 1911-14). Austria-
Hungary ordered four boats of this Hay-Whitehead de-
sign, U 20-23, on 27 March 1915.78 Electric Boat sometimes
cited the success of Hay designs in Danish competition
as proof of the superiority of its single-hull type, but it is
not clear to what extent they were Electric Boat designs.
Newport News offered a Denny-Hay design in the U.S.
FY 16 competition.

The Austrians considered Lake’s U 1 and U 2, built at
Pola Navy Yard, superior for diving and steering, although
their gasoline engines were unsatisfactory (they could not
reach contract power). The Austrian Navy leased the en-
gine until they could be replaced by Austrian-made die-
sels. There were no reorders. Although it had an Electric
Boat license, Krupp built French-derived double-hull sub-
marines. In the Austrian trials, its U 3 and U 4 had the
worst diving qualities and smoked badly but were consid-
ered the most reliable and most habitable.
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Lake sold Austria a pair of 100-ft submarines, essentially enlarged Protectors, designated U 1 and U 2. Dimensions were 26 55 m
between perpendiculars (30.48 m overall) X 3.6 m (equivalent to 87.1/100 ft x 11.8 ft); displacement was 230/270 tons (metric;. The
surface power plant was a pair of engine sets, each consisting of a two-cylinder cruising engine (120 BHP) and a four-cylinder boost
engine (240 BHP) clutched together. Each electric motor developed 100 HP. Maximum speed was 10.3 kt surfaced, 6 kt submerged;
endurance was 950 nm at 6 kt surfaced, 15 nm at 5 kt submerged, or 40 nm at 2 kt submerged. Armament was two bow and one
stern 45-cm (18-in) torpedo tubes (the boats carried no reloads) and one machine gun. The single periscope (not shown here) was
supplied by Goerz. The contract was signed on 24 November 1906; construction began at Pola on 2 July and 18 July 1907. Unfortunately,
construction was slow because of Lake’s delay in supplying detailed plans (presumably so that he could add improvements) Like
other Lake boats, these had wheels and a diving compartment (the trap door, under the bow, is shown opened). The circles in the
boat’s superstructure (visible in the side view) are gasoline tanks; Lake claimed that such external stowage was far safer than the
internal tankage of an Electric Boat submarine. On trials, the boats behaved well under water; the diving planes could be left unattended
for half an hour, with the boat maintaining depth. Even Lake pronounced himself impressed by this behavior. The gasoline engines
were considered unsuccessful, however; in 1915, they were replaced by diesels.
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Lake designed the 125-ft cruiser (A) in parallel to his 65-ft Protector; he offered her to the Board on Construction in 1901. The two
hydroplanes (diving planes) are indicated amidships. Lake called another pair of planes, in the bow and just abaft the propellers,
“level vanes.” As in later Lake submarines, water ballast was carried both in internal hard tanks (below the level of the internal deck)
and in the watertight superstructure above the hull. This design was Lake’s first to incorporate a pressure hull with the axis curving
up at the ends. He claimed that this patented feature overcame the tendency of more conventional cigar-shaped hulls to dive by the
head and increased both surface speed and surface stability (metacentric height). In 1906, Lake sold this design to the Russians, who
badly wanted long-range submarines. The Russian boats, the Kaiman class, were completed to a very different design: Lake liked to
tinker with his designs after boats had been laid down. The middle drawing (B) shows the boat, as redesigned in 1907, with a modern
raked bow. The bottom drawing (C) shows Kaiman completed for trials in 1908. The large rectangle forward is the downward-opening
cover for a pair of trainable torpedo tubes, a feature Lake apparently added quite late in construction. He called this his 1905 design
and offered a 135-foot version to the U.S. Navy in November 1908 (for the FY 09 program). Dimensions would have been 135 ft x
12 ft 6 in (300/410-415 tons). As offered at that time, the boat would have been armed with two bow and two trainable torpedo tubes
(like Kaiman) and powered by a pair of 300-BHP White & Middleton gasoline engines (8,350 gal of gasoline). Submerged power would
have been provided by a pair of 200-HP motors (capable of 250 HP for 2 hr, or 300 HP for 3 min of overload) drawing on a 120-cell
battery (3,000 amp-hr). The Russians demanded considerable changes (including elimination of the trainable tubes) to Kaiman before
she could be accepted, so the boat never entered service as Lake had intended.
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Lake was luckier with the Russians. In 1906, he sold
them the design for a modified version of the 125-ft cruiser
he had first sketched in 1901. The submarines were
launched in 1907-08. Lake later described the four Kaimans
as the largest in the world at the time, with a displacement
of nearly 500 tons submerged. Unfortunately, they were
rejected upon completion in December 1910 because of
numerous problems, including about 12 tons of over-
weight. To prevent the builder, Crichton of St. Petersburg,
from selling them abroad, the Russian Naval Ministry took
them over without making the final payments. This money
was spent instead on modifications, including replace-
ment of a 3-cylinder section of each gasoline engine by a
new ballast pump, to reduce diving time from 10 min to
3 min.” These boats had twin trainable torpedo tubes
forward, apparently the first of their kind in the world.
The Russians soon replaced them with drop-collars for
two more torpedoes.

Trainable tubes obviously impressed the Russians; they
were included in Electric Boat’s big EB 31 design (Narval
class), three of which they bought in 1911.% When the
large EB 31A was described in a November 1911 article in
Engineering, it inspired U.S. interest in a fleet submarine
(which also had twin trainable tubes). EB 31A was strik-
ingly unlike contemporary Electric Boat submarines for
the U.S. Navy; she carried her propellers well below the
axis of the hull. Much the same hull form was repeated
in the company’s T-class fleet boats for the U.5. Navy. At
the other end of the scale, Russia bought the smallest of
all Electric Boat submarines, three EB 27B midgets (33 tons)
for use in coastal defense by the Russian army in the
Black Sea.

Chile ordered two modified E-boats built in Seattle
(designs EB 19B and 19E); they were taken over by Can-
ada as CC 1 and CC 2 at the outbreak of war in 1914.
Each had a stern torpedo tube, which the U.S. E class
lacked. One boat had two bow tubes, and the other had
four.

Electric Boat benefited from the outbreak of WW 1,
which cut navies off from their European suppliers. In
1914, K. M. “de Schelde,” the company’s licensee, laid
down a 190-ton coastal submarine (O 6) to the EB 803G
(EB 38G) design for the Royal Netherlands Navy at the
same time that Fijenoord built a Hay-Denny boat. “de
Schelde” then built five longer-range (K, Kolonien)
double-hull boats for service in the East Indies: two 105Bs
(EB 51B: K 11l class), and three 105Gs (EB 51G: K VIII class).
Each class had two bow and two stern tubes; EB 105B also
had two deck torpedo tubes, an unusual feature for the
time. EB 105B and EB 105G were almost certainly varia-
tions on Electric Boat's M-1 (EB 39) for the U.S. Navy.
This type was also built for Spain.

Norway shifted to Electric Boat after buying five Krupp
(Germaniawerft) submarines (the A class), the last of
which the German Navy took over at the outbreak of war
in 1914. Six B-class submarines (EB 406B; i.e., 64B) were
ordered in 1915. Presumably, the company’s great advan-
tage was the neutrality of the United States at that time,

so it could still sell submarines abroad (the Norwegians
also considered firms in England, Germany, and Italy).
These 415-ton (four-tube) boats were broadly similar to
the U.S. H class then being built for England, Italy, and
Russia. In July 1916, Norway ordered two smaller (220-
ton, two-tube) submarines, the C class (EB 4074; i.e., EB
74A). The supply of materiel from the United States was
stopped by the war. Electric Boat tried to sell Norway six
H-boats that could not be delivered to Russia because of
the revolution; they were taken over by the U.S. Navy
instead. Although laid down in 1915, the B-class subma-
rines were completed postwar (1923-30). The C-boats
were canceled. In 1931, the Norwegian navy asked for
replacement designs. One of eight competitors, Electric
Boat was soon rejected. (After a very lengthy selection
process, a German design related to the Type VII L-boat
of WW II was adopted; two were on order when Norway
fell in 1940.)%

Spain bought its first modern submarines under a 1913
Navy Law (program), which included 3 of them. A law
of 17 February 1915 authorized 10 more. The first 3 (A
class) were Laurentis. Then Spain turned to Electric Boat
for a prototype, Isaac Peral (EB 903L; i.e., EB 39L design)
very similar to the double-hull U.S. M-1. She was followed
by 6 improved versions (B class: EB 105F; i.e., EB 51F,
with four bow tubes). In 1919, Spain was credited with
12 Electric Boat submarines under construction, including
6 B-boats that entered service in 1926-27. The remaining
5 submarines did not materialize (3 remained to be built
under the 1915 law).

Electric Boat’s great WW I success, the H-class program
for Britain, Italy, and Russia, is described in chapter 5.

The company’s export fortunes collapsed after the war.
Navies that bought wartime H-boats were unlikely to im-
port submarines postwar. Of the other three wartime ex-
port customers, Norway was no longer in the market;
postwar Dutch submarines were apparently of domestic
design. Spain bought six C-boats (EB 309; i.e., EB 93),
somewhat larger than U.S. S-boats, with two stern tubes,
which the Electric Boat version of that class lacked (they
were sometimes described as enlarged B-boats).® For the
successor D class (three boats), Electric Boat lost out to its
former licensee, Vickers, which built the boats at Cart-
agena.

Electric Boat competed for several contracts, but its only
new postwar foreign customer was Peru, which bought
six submarines (EB 707D, essentially a modernized R-boat
[EB 77a]) in the 1920s; these were the first submarines to
be built in Groton, Connecticut. They had the same lines
as an R-boat but were redesigned internally; the company
claimed the boat achieved much the same performance as
an S-boat on an R-boat’s tonnage. Peru bought six replace-
ments (based on the Mackerel) after WW II.*%

One other major theme of U.S. submarine development
deserves comment here: the continuing effort to ensure
against loss. In 1907, Plunger tested a marker (reel) buoy,
which a submarine on the bottom could release to indicate
its position. Then, in 1909-10, a pair of foreign losses seem



to have made a considerable impression. The British C-
11 was rammed and sunk by the steamer Eddystone on 14
July 1909. The Japanese No. 6 was lost on 15 April 1910
when the chain drive to her main induction valve broke
and the valve jammed open. Probably as a consequence,
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U.S. submariners showed intense interest in submarine
escape and salvage. Several men successfully escaped
from torpedo tubes and from conning towers rigged as air
locks. In addition, money was spent to develop a standard
messenger buoy carrying a telephone.®

Perhaps the most important harbors submarines had to defend were those in the Philippines, which had to be held until the

fleet could steam across the Pacific. Early U.S. submarines could not transit all the way there, so they were transported aboard
colliers. Here Adder (A-2) is unloaded from the collier Caesar in 1908.






5

The General Board’s Coastal
Defense Submarines

ForTHEPRE-1914 U.S. Navy, coast defense meant attacking
battleships.! Submarines had four bow tubes because it
was assumed that four hits would disable or sink any
capital ship. U.S. coastal waters would not be infested with
enemy nets and mines (as in foreign waters in Europe), so
there was no need for periscopes to house (retract into
the hull), as in other navies. A fixed periscope presented
no hazard to the submarine, and Holland-type submarines
could easily porpoise to raise their hulls (and their peri-
scopes), albeit risking broaching (exposing the hull itself).
Nor were U.S. submarines expected to operate in water
so shallow that they could not dive deep enough to cover
their periscopes.

According to tactics first formalized in 1908, a U.S.
submarine would approach a target on the surface and
dive only to avoid detection. Tests in Buzzard’'s Bay
showed that a submarine could spot a large surface ship
about 13 mi away before beign spotted. Later tests showed
that if she had to approach submerged, with 4 ft of peri-
scope out of the water, she could generally spot a large
ship at 7-8 nm (C-5 easily saw the masts and smoke of
USS Dixie at 9 nm). After taking the target’s bearing and
estimating her course and speed, she ran in submerged,
using her periscope sparingly, never showing more than
a foot, and never for more than 4 sec. A periscope feather
could sometimes be seen at 7,000 yd. The closing subma-
rine tried to remain undetected mainly to avoid giving the
prospective target sufficient time to evade her. When close
enough that the target could not evade (within torpedo
range), the submarine, no longer having to hide, kept her
periscope on the target for effective fire control. There was
apparently no fear that, having spotted the periscope, the
target or a consort would ram the approaching submarine;
presumably, it was supposed that she could always dive
to protect herself. Similar ideas applied to offshore group
tactics: submarines would try to approach unseen to
within maximum torpedo range; in 1912, this was about
2,000 yd. The new feature was that the boats, typically
five to a group, had to submerge $ mi apart to avoid

underwater collision. Seeking a position on the target’s
bow, they were expected to fire at 500-1,000 yd.?

To deal with fast warships, the U.S. Navy emphasized
relatively high underwater speed (albeit far inferior to sur-
face ship speed) at the expense of surface sea-keeping.
Even then, many prewar U.S. submariners wondered
whether their boats could run fast enough or long enough
underwater. Submarines often failed to catch their targets
in maneuvers, even when they knew target courses and
speeds in advance. Batteries might be exhausted during
the approach, and the submarine might be unable to es-
cape on the surface to recharge them. The solution would
be to run air-breathing engines underwater, as the subma-
rine closed in on her target. In May 1909, the Navy Depart-
ment approved what later would be called a simple pro-
posed snorkel: the existing ventilator (engine air intake
pipe) would be extended to within about a foot of the top
of the fixed periscope. A snorkeling submarine would shut
down her engine and dive deep before her periscope and
snorkel could be spotted.?

Apparently untested at the time, this idea was revived
in June 1914 by Lt. (jg) R. S. Edwards. He proposed to
mount a periscope-like ventilator, along with the peri-
scopes, that would discharge air directly into the bilges
to feed the diesels when the submarine was submerged
to a shallow depth. The engine would use its existing
exhaust and work against back pressure when submerged.
BuEng estimated that a C-boat would need a 12-in air
pipe; it would use about a quarter of its engine power to
suck in air.? Submariners planning to try running engines
awash during winter exercises in 1914-15 asked what
would happen if the engine continued to run after waves
closed the snorkel. In heavy weather off Cape Hatteras,
North Carolina, during the winter of 1909, C-1 had run
her engines with the ventilators sealed but the conning
tower hatch (analogous to the snorkel) open. When waves
began to come over the conning tower, the officer and
men, who were lashed to its top, stepped on the hatch
to seal the boat. The engines accelerated briefly, then grad-

The O-boats were the oldest U.S. submarines to survive to serve in World War II. O-3 (SS 64) is shown in much her original form
with a 3 in/23 disappearing mount forward of her bridge fairwater and her two periscopes in faired shears. O-7 (SS 68) is shown on

October 1944 in the Atlantic, south of Fishers Island.
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ually slowed. Two inches of pressure were lost as the
engines sucked air out of the boat. The partial vacuum
made it very difficult to reopen the hatch, but clearly the
boat could have handled a somewhat smaller pressure
drop. The experiments were aborted in 1915 because the
U.S. submarine force was so badly stretched and the inter-
national situation so threatening that no operational sub-
marine could be spared. Edwards’s idea did not reemerge
for another three decades.’

The other U.S. attempt to maintain high underwater
speed, the Cage (later Neff) system, was a 1912 private
proposal. Cage planned to run diesels underwater on air
stowed under pressure.® A. R. Neff bought Cage’s Los
Angeles Submarine Boat Co. in 1915 and continued to
promote his system after WW 1. The navy objected that
the exhaust would surely leave a visible wake and that it
was impractical to compress the exhaust to store it on
board. Neff eventually proposed to use the diesels only
for high speed; at lower speeds, the boat would run on
compressed air. High-speed underwater endurance
would far exceed that offered by conventional batteries
because the fuel contributed so much energy. Compressed
air could not store as much energy as chemicals in a bat-
tery, however, at 5 kt, Neff managed only half the endur-
ance of an S-boat. In tests using N-2, BuEng found that
diesels running underwater were quite noisy. Rejecting
Neff in 1922, the General Board argued that batteries and
motors had so much scope for development that they
might well exceed anything he could achieve with internal
combusion engines.

For efficient mobile coastal defense, submarines loiter-
ing offshore had to be cued by surface scouts farther out
to sea. By about 1912, submarines could receive radio
messages, though initially not at very long range. The first
units built with radios, E-1 and E-2, received at 90 nm and
sent at 50 nm; they used an aerial strung between two
folding masts. Unfortuantely, a boat could not dive with
her antenna rigged.

Submarines could also communicate by an underwater
bell or, later, a Fessenden oscillator. With machinery
stopped, two submarines could hear each other at 8 nm
under ideal conditions (boats on opposite courses could
hear each other at only 4 mi apart). Oscillators were widely
used during WW I, often to exchange recognition signals.
Because virtually all navies used them, however, they
could be expected to alert a prospective target. In 1912,
Lt. (later Admiral) Chester Nimitz described a typical use.
He imagined a group of harbor defense submarines at-
tacking, with each boat running at maximum speed to get
within torpedo range of a target assigned while they lay
atanchorin port: “They must. . . take the risk of collision.
On this final charge, the submarine bells may be rung
continuously to assist the submarines to stay clear of
each other.”’ As in other aspects of U.S. pre-WW I sub-
marine tactics, there seems to have been little fear of de-
tection and counterattack by the target or by screening
destroyers.

The General Board first set characteristics in 1909 for
the FY 10 program. That March, the Naval War College
proposed that the submarine force consist of 6-boat flotil-
las; two long-range flotillas for each coast (at Narragansett
Bay, Hampton Roads, Puget Sound, and San Francisco),
plus single flotillas for Hawaii, the Philippines, the West
Indies, and Panama, and a half flotilla for Guam, for a
total of 51 submarines. The sheer size of the Philippine
archipelago required long-range submarines. Short-range
units could defend localized points (Guantdnamo, Guam,
Tutuila, and Pearl Harbor). A 25 percent reserve of 13
boats would maintain strength despite the frequent repairs
these delicate craft required (2 mo for repair, plus 12 days’
travel time). This considerably increased the requirement
for Pacific boats. Unfortuantely, as of 30 November 1908,
the U.S. Navy had only 12 boats on hand (8 of them
restricted to harbor defense), 7 boats on order, and 8 more
authorized (the Royal Navy had 60 built or in process).
To be sufficiently mobile under the War College proposal,
each submarine flotilla would require at least one tender.
Because of the submarines’ limited endurance, each tender
had to be able to tow five at a time and fuel each boat at
least once under way. Through WW I, Congress was far
more willing to supply submarines than the tenders to
make them effective.

The General Board's early view of submarine design
was much shaped by L. Y. Spear’s careful April 1909 pre-
sentation on design trade-offs. He saw little point in much
growth (up to 650 tons submerged in some European craft)
because size did not buy invisibility, handiness, or any
proportionate growth in firepower. This argument would
be revived by opponents of large submarines during the
interwar period. Spear did not point out that size might
give submarines sufficient speed and cruising radius to
accompany the battle fleet. The General Board would not
seriously consider this role for another two years.

Spear pointed out that strategic mobility (the long-
range surface mobility that got the submarine to the point
of action) was always traded off against tactical mobility
within a given hull. Surface speed also had a tactical role;
after sighting her target, the submarine approached to
within a few miles before diving. Surface speed (engine
size and appetite for fuel) was traded against radius of
action (fuel capacity). Spear argued that future submarines
should be able to cruise with the fleet (whose economical
speed was 11 kt) and to reach outlying U.S. posessions
under its own power (radius at least 3500 nm): from the
East Coast to the Caribbean or Panama and the West
Coast, and from the West Coast to Hawaii and the Philip-
pines. Spear did not envisage the submarines operating
with the fleet in battle. Like his contemporaries, he imag-
ined the U.S. fleet convoying its train to a distant area
and setting up an advanced base. Submarines would help
to protect the base from enemy counterattack. Endurance
could be best increased not by enlarging submarines but
by adopting more efficient engines and denser fuel with
greater heat content.® Underwater, motor weight (power:
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maximum speed) was traded against low-speed endur-
ance (battery weight, therefore capacity). Spear assumed
that low speed would be used mainly to retire after at-
tacking. He arbitrarily made motor power sufficient to
exhaust the battery in 1 hr.® Using a simple (but arbitrary)
mathematical model of the standard attack, Spear justified
the 14-kt surface speed and 11.25 kt submerged speed of
the then current F class.

Spear sought the smallest submarine (about 340 tons)
that would provide the largest possible torpedo salvo, four
tubes (as in the D class and later boats).® He considered
that a sufficiently seaworthy submarine with these charac-
teristics could be built on 350-450 tons, with a surface
speed of 13.5-14.5 kt. The navy had already fixed hull
strength by requiring a safe depth (test depth) of 200 ft.
Significantly for later developments, Spear did not associ-
ate net submarine size, hence sea-keeping and habitabil-
ity, with strategic mobility. Later, U.S. submariners would
bitterly criticize the General Board for its failure to realize
that small submarines were not really seaworthy. They
blamed Electric Boat’s commercial interest in multiplying
the number of submarines, given a fixed overall congres-
sional appropriation. On the other hand, contemporary
discussions of warship design show little explicit attention
to either sea-keeping or habitability.

Some submariners suggested that Spear’s single-
minded pursuit of the coastal defense role against battle-
ships might be far too limited. In November 1909, one
suggested a special fast, long-range submarine (albeit
with low submerged speed) to attack an enemy’s dock-
yards or “lay in wait in enemy’s channels in beginning
of a war.” The necessary technology did not yet exist.
Another submariner suggested that the new European

practice of mounting guns on board might be intended
to allow submarines to fight enemy submarines on the
surface.

Submarine officers equated endurance with engine re-
liability (which meant space for maintenance), storeroom
space, and even space in which to overhaul torpedoes,
none of which figured explicitly in Spear’s calculations.
Fearing that the theoretical approach, so appealing to the
General Board, would outweigh their operational experi-
ence, they periodically appealed to the board.

For FY 10, the secretary of the navy requested, and
Congress provided (act of 3 March 1909), four submarines.
The General Board wanted them all built on the Pacific
Coast, but one contract (for G-3) went to Lake. Electric
Boat built the others on the West Coast (EB 26: H-1 through
H-3), two at Union Iron Works and one at Moran. Unit
cost rose slightly; $3.5 million had bought eight FY 09
boats, but $2 million bought four in FY 10.

The General Board only slightly modified the F-class
circular of requirements for the new H class. The main
change, ordered in January 1910, was that engines had to
be reversible. The alternative of shutting down diesels
and switching to motors for maneuvering seemed unac-
ceptable. The board ordered this change on the unanimous
recommendation of four submarine COs. Electric Boat had
to switch from 4-cycle Vickers diesels to 2-cycle MAN
diesels, which caused enormous problems in the H, K, L,
and M classes. The board also required one reload per
torpedo tube (total of eight torpedoes).

By this time, the submariners wanted separate conning
towers equipped with periscopes.!! The H-class conning
tower was modified to permit installation of a walk-around
periscope. The operating compartment instrument was in

Electric Boat's H-1 is shown as modified during World War I, with a permanent (chariot) bridge and Y-tube sound gear (visible above
and below her hull, forward). U.S. sound gear was installed on H-boats completed for Britain after the United States entered World
War 1. For example, early in 1918 H-11 had a C-tube installed on her upper deck but not on her keel. Her British CO liked this position
for its easier access. He also argued, incorrectly, that a keel location was noisier, because even when the propellers were stopped,
their shafts conducted hull noise into the water. Although few such boats were built for the U.S. Navy, Electric Boat built many during
World War I for Britain, Italy, and Russia; some were transferred to Chile in payment for ships taken over by Britain. (Jim Christley)
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the same position as the after periscope of an E-boat or
F-boat, with its eyepiece near the steering station. Each
periscope had torpedo-firing gear.

The circular called for a sustained surface speed of 12.5
kt (20-hr trial in the open sea), with a maximum surface
speed (4-hr trial) of at least 14 kt, and full-power endurance
of at least 80 hr. Submerged speed was to be at least 9.5
kt at the 1-hr rate and 8.5 kt at the 3-hr rate. The boat
had to submerge, from full-ahead on the surface to 8 kt
underwater (at periscope depth), in not more than 10 min.
The prewar U.S. Navy did not imagine that submarines
would have to crash-dive. Apparently for the first time,
the submarine had to be able to fire all her torpedoes while
surfaced in light trim.

The H-boats were the last built under contracts that
allowed plans to be offered directly to foreign govern-
ments. Although Electric Boat apparently sold slightly
modified plans of later U.S. submarines (see chapter 4),
the company would have found it far more embarrassing
if it had actually built or prefabricated them in the United
States, where it might have been subject to U.S. naval
inspection. When Britain secretly negotiated to buy Elec-
tric Boat submarines in 1914, the company therefore of-
fered H-boats, rather than more modern K-boats or
L-boats.' Britain ordered 20 boats: 10 to be assembled by
Vickers in Montreal (to avoid U.S. neutrality laws) and
the other 10 to be delivered “after the war” from the
United States (in fact, by Fore River). The first 10 boats,
completed in May-June 1915, crossed the Atlantic under
their own power. The others were held in the United
States until this country entered the war in April 1917,
but their engines, motors, and other fittings were sent to
Vickers for incorporation into Vickers-built H-boats (H 21
class). Of the interned series, 6 were transferred to Chile
to compensate for ships taken over by the Royal Navy.
Canadian Vickers assembled another 8 boats for Italy. Rus-
sia ordered 18 boats (as the AG class) under its 1915 emer-
gency program. They were delivered in knocked-down
form for assembly at Petrograd and Nikolaev. Delivery of
the last 6 (AG 17-20, 27, 28) was canceled because of the
Russian revolution; the U.S. Navy took them over as
H-4-H-9.B

The General Board (and therefore the secretary of the
navy) asked for no submarines for FY 11. If Congress
bought any, the board wanted them built or delivered on
the West Coast.'> Congress authorized four (act of 24 June
1910), but these Electric Boat submarines (EB 30B: K-1
through K-4) were split between the two coasts.!® The
board was more concerned with the lack of submarine
tenders. Submarine flotillas could not be mobile without
them. At least six were needed: three for each ocean. Two
would replace the obsolescent Mohican and Severn. The
ex-gunboat Castine would do only for a flotilla of older
boats. A new tender had to be able to tow up to five
boats (flotilla strength was variously given as five and six),
refueling each at least once and charging their batteries
under way. She would carry distilled water and electrolyte
for their batteries. The board wanted her to have a cable

ship-type bow to lift a damaged submarine out of the
water and a boom aft to lift the tail of a submarine so that
her propellers could be changed. Congress preferred to
buy combatant ships.

The General Board submitted characteristics on 13 Oc-
tober 1910. Because money was limited, the board cut
submerged speed (to 10.5 kt) and maneuverability (tactical
diameter eight lengths). The new Salmon (D-3) had just
made 11.1 kt on trial, and her tactical diameter was slightly
over six lengths. Sustained (3-hr) underwater speed was
cut to 8.5 kt (D-3 made almost 9 kt on her 3-hr trial). The
board asked for 14.5 kt on the surface, with an endurance
of 80 hr at maximum speed (960 nm), 2,300 nm cruising
at 11 kt (4,000 at 11 kt with maximum oil fuel load)."” Speed
and endurance were comparable to those demanded of
contemporary units of the fleet train that steamed with
the fleet to its advanced base (auxiliaries were required to
have a maximum speed of 14 kt, and the fleet had to stop
about every 3,300 nm for coal). U.S. submarine endurance
figures were unrealistic; they took into account neither
lubricating oil nor battery water, and neither was carried
in amounts proportional to fuel oil capacity.'®

The board allowed either diesel or steam power. The
French were still using steam in their Laubeuf submarines,
and this clause may have been intended to allow for U.S.
purchase of a Laubeuf-type boat. Diesels, in fact, were
used. The 200-ft test depth was retained. Armament was
the usual quartet of 18-in tubes (5.2 m long), with one
reload per tube carried nearby, but the Board also wanted
a new feature, one or two tubes firing astern. Both C&R
and the submariners much disliked them. The EB 30B
design selected had two stern tubes (plus its four bow
tubes), but it was soon reordered to match the next year’s
EB 32, which was similar but lacked stern tubes.?

K-2, K-5, and K-6 participated in the week-long May
1915 strategic exercise. K-2's CO considered her large
enough for coastal operation but not for independent
work. Her best reliable speed of 9 kt was insufficient for
patrol. The CO encountered trouble with both his motors
(commutators) and batteries (rapidly deteriorating). Crew
health was poor from lack of exercise and improperly
cooked food. Radio messages were received at 20 nm.
K-5's CO thought her endurance had been limited to 10
days only by lack of fresh water; otherwise, she could
have remained out for another 2 days. At the end of the
exercise, he was beginning to suffer commutator trouble
in his motors and his batteries were deteriorating. Unlike
K-2’s crew, his did not suffer from poor health, though
he did complain of engine gases and rolling. He could not
dive at all times because of crew inexperience (10 of 26
unqualified) and only half motor power available on the
starboard side; however, “in actual war could and would
have submerged, but could not have handled vessel in
most efficient manner.” K-6's CO also complained of in-
sufficient fresh water; his batteries were usable but ““deteri-
orating very rapidly.” Later K-boats were the first U.S.
submarines sent to Europe in WW 1.

The submariners, represented initially by the com-
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Electric Boat's K-5 is shown as built, with faired periscope shears. The shaded circle under her fore planes is a Fessenden oscillator,

the replacement for the earlier signal bell. (Jim Christley)

mander of the Altantic Torpedo Flotilla, considered the
General Board far too conservative. In August 1910, they
asked for much higher speed (18 kt surfaced, 15 kt cruis-
ing, 14 kt submerged). A larger submarine could be com-
partmented, hence protected against damage caused by
grounding or collision. The noisy engine room could be
shut off from the operating compartment. All major valves
could come under central supervision in the control room.
Size would also buy the stores (as much as 50 percent over
the usual surface ship allowance) the submarine needed
to loiter in her patrol area. It was at this time that the
submariners asked for the conning tower with a periscope,
which the General Board retroactively included in the H-
boat requirement; the K-boats had an enlarged conning
tower.

The bureaus asked the three contractors for their views
on the submariners’ big “sea-keeping” boat. Electric Boat
protested that its own experience in designing a 17/11-kt
submarine for Russia proved that high surface speed
would require not only more power but also a ship-shaped
hull with increased underwater resistance and thus slower
underwater. A really fast submarine would have to be
about twice as large (hence twice as expensive) as an H-
boat. Laurenti initially demurred; it could provide 18 kt
surfaced, but 14 kt submerged would be a very different
proposition. Lake refused to comment.

Laurenti soon offered a new Italian design for a 20-kt
(10-kt submerged) submarine (214 ft 1 in X 20 ft x 14

ft, 750/900 metric tons), which it claimed could replace
existing torpedo craft. Characteristics aproached those
that the General Board later wanted in a fleet submarine:
radius of action, 2,000 nm at 20 kt or 6,000 nm at 10 kt;
submerged endurance, 24 nm (3 hr) at 8 kt or 95 nm (214
hr) at 4 kt. She would have four diesels paired on two
shafts (total 4,000 BHP). Laurenti argued that no more than
10 kt submerged was worthwhile; above that, a submarine
could not use her periscope.? Chief Constructor Richard
M. Watt rejected this $1 million design on the ground
that Congress had appropriated $2 million for four FY 11
submarines.

The General Board’s mobile defense still needed sub-
marine tenders. By September 1910, there was only the
inadequate Castine. The board recommended against buy-
ing any more submarines until new tenders could be built.
In November, however, instead of asking for three ten-
ders, the secretary of the navy asked for two submarines
and one tender for FY 12. About this time, obsolete (and
apparently unmodified) monitors were pressed into ser-
vice as interim submarine tenders. Congress bought four
submarines and the tender Fulton (act of 4 March 1911).
This time, Lake’s bid was rejected.21 All four submarines
were built by Electric Boat (EB 32: K-5 through K-8). The
General Board chose to repeat the FY 11 design with minor
changes.

Commenting on the K-boat characteristics in April 1911,
the Submarine Detachment of the Atlantic Torpedo Fleet
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Dry docked in Honolulu about 1916, K-8 displays the typical Electric Boat bow cap, which rotated to expose the torpedo tube
muzzles (the holes in the cap were on the centerline, at top and bottom, when the cap was closed). Her periscopes were fixed,
with large heads. The temporary bridge structure has been removed, leaving only a streamlined fairwater.

argued that submarines could not realistically expect to
porpoise to hide their periscopes during the approach to
a target. They might well have to fire as soon as the feather
of the periscope was spotted, (i.e., at greater range). The
submariners wanted the new 21-in torpedo that was then
superseding the 18-in on board U.S. destroyers. They also
wanted an independent cap for each tube, so that all four
could be fired (and reloaded) in quick sequence. The Gen-
eral Board feared that any such changes would greatly
enlarge the submarine; the 10,000 yd promised for the
new version of the 18-in torpedo was surely enough.? The
board did accept a suggestion that a loitering submarine
needed 50 percent greater stores endurance than a surface
ship. The board also adopted some other changes. The
FY 12 submarines would be protected against grounding
and damage as a result of going alongside. Main ballast
tanks had to be fillable in 1 min (as suggested by the
Atlantic Torpedo Fleet). Final characteristics issued in the
summer of 1911 showed slightly greater required cruising
radius (3,000 nm at 11 kt, 5,000 nm with maximum oil
fuel, and capable of making a 3,000-nm passage in any
weather). Required surface speed was reduced to 14 kt,

and the characteristics included both maximum (10.5-kt)
and 3-hr rate (8.5-kt) underwater speeds.

In January 1912, the secretary of the navy reacted to
submariners’ criticism by forming a board of submarine
officers to review design and construction policy. The sub-
mariners’ proposal for a fleet submarine led to the T and
V classes, described in chapter 6. They argued that a dou-
ble hull was needed to protect against collision and
grounding. The officers clearly disliked the small conning
towers of the H-boats and K-boats. They wanted a large
oval structure (8 ft x 4 ft) fitted as an escape chamber
with its hatch hinged on the fore side, so that no one at
the steering station could accidentally slip back into it). It
would carry a 2-in breathing pipe to refresh the air in the
boat (as yet, there was no way to remove carbon dioxide)
and a fixed-eyepiece periscope. A walk-around periscope
would be let into the body of the boat. Both were to house
flush with the tops of the periscope shears.

The officers rejected a proposed innovation, a vertical-
base range finder, on the ground that it introduced exces-
sive complication and was as yet untested. The engine
room, motor room, galley, and radio room were to be
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On the Mississippi near St. Louis in 1919, K-5 displays some standard World War I modifications: passive sound gear forward (the
three ““rats” of a Y tube forward of the forward planes and an SC tube forward of the forward hatch); a permanent chariot bridge;
and housing periscopes.

enclosed; they wanted an air regenerator (which they
would not get until WW I). The main bilge pumps would
be in separate compartments, one in the engine room and
one in the motor room, and an emergency high-pressure
bilge pump would be outside the engine room. The cry for
21-in torpedoes was revived. Finally, the officers wanted a
reliable radio. In a 1911 night attack on battleships off
Block Island, Rhode Island, only three of seven boats man-
aged to attack because the others had never been alerted.

In May, C&R agreed readily enough that some advance
in submarine characteristics was needed, but the submari-
ners wanted too mcuh on too few tons. More tonnage
should be used to provide a double hull; watertight subdi-
vision (bulkheads with the same test depth as the subma-
rine herself), including enclosed engine and motor rooms;
and higher submerged speed (11 kt for 1 hr). Growth to
800 tons submerged (compared with 550 tons of the K
class) would buy about 2 more kt on the surface (16 kt),
a surface radius at full speed of at least 2,000 nm (vice
1,680 nm now guaranteed), and a cruising radius of 5,500
nm (as in the K class). An 800-ton (submerged) boat would
accommodate 21-in torpedoes, with one reload per tube.
She might mount a small gun; the submariners had not
suggested this, but it was beginning to appear abroad.
Unit cost probably would be $750,000-$800,000. Alterna-
tively, some of the board’s detail ideas could be incorpo-
rated in a repeat K-boat.

C&R included provision for the small gun in the L-class
bidders’ package, with the proviso that the gun could be
included or deleted later on (approved by the General
Board in January 1913). The board considered a gun useful
to a U.S. submarine forced to surface in the face of enemy
submarines and light picket vessels. The 3-in gun was
streamlined by being placed in a disappearing mount for-
ward of the bridge; only the barrel was visible when it
was housed. Even so, it cost about $ kt in speed at a time
when submerged speed seemed all important.”

In May 1911, the General Board proposed five subma-
rines and two submarine tenders for FY 13 (FY 12’s appro-
priation did not suffice for the one authorized tender). In
December 1911, the secretary of the navy asked for no
submarines, but Congress bought eight plus a second
tender, Bushnell (act of 22 August 1912). The General Board
decided that all eight submarines would be repeat K-boats.
Largely as a result of the submariners’ demands, they
were modified to become the L class, split between Electric
Boat and Lake. They had provision for 3-in guns, though
the first batch of Electric Boat units was completed without
them. The submariners’ preferred large conning tower
was abandoned; this class reverted to a pair of hull peri-
scopes. The tower might have been cut to a trunk to com-
pensate for the added drag of the 3-in guns. The L class
introduced the strong internal bulkheads sought by the
submariners since 1910. Electric Boat units finally had their
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L-10 was a typical Electric Boat L-boat, shown here running trials off Provincetown, 25 May 1916. Note her temporary canvas bridge
screen and fixed (non-housing) periscopes. The object forward of her bridge fairwater is a disappearing 3 in/23 gun.

main auxiliaries removed from the main motor shafts and
driven by separate electric motors (mounted forward of
the main engines). Independent bow caps were finally
provided for torpedo tubes. Virtually nothing was done
on the three Lake boats before Lake was declared bankrupt
in November 1913. They were reordered (to improved
designs) from the reorganized Lake Co. Presumably, the
navy was loath to eliminate Electric Boat's only important
American competitor. OpNav found Lake’s L-boats infe-
rior to the Electric Boat L-boats, although their Busch-
Sulzer engines might be considered superior.

In September 1912, the General Board expected to buy
eight more K-boats during FY 14. Chief Constructor Watt
protested that no advances could be made unless at least
a tew of them were larger and more offensively oriented.
Although hardly a fleet boat, the double-hull boat pro-
posed by C&R that May would be a distinct step forward.
C&R and BuEng much preferred step-by-step evolution to
anything riskier. The General Board feared that anything
short of a spectacular improvement would cause Congress
to cut the number in the FY 14 budget. Therefore, it sug-
gested that the FY 14 program include one advanced fast
submarine, its displacement not to exceed 750 tons sub-
merged. On 22 October 1912, the General Board asked
C&R to prepare sketch plans for submarines larger than
the K-boats.?* Within a few weeks, the bureau was able
to estimate appropriate dimensions and -characteristics:
double-hull, 190 ft x 15 ft (450/600 tons), 16 kt surfaced,
and 11 kt submerged.

In December, the General Board convinced the secre-
tary of the navy to use some of the FY 14 money to replace

one of the FY 13 submarines with C&R'’s double-hull type
(M-1). The other seven were split between Electric Boat
(EB 37G: L-1-L-4) and Lake (L-5-L-7).2* For FY 14, it asked
for six coastal boats plus a submarine tender and a spe-
cial submarine testing/salvage pontoon dock. Congress
bought four repeat L-boats (act of 4 March 1913): the Lake-
type L-8 built at Portsmouth (the first navy-built subma-
rine) and Electric Boat's EB 37H: L-9-L-11.

The experimental M-1 (EB 39E) was slower than Watt
had hoped. With a double hull and the military characteris-
tics of an L-boat, she was about 20 percent larger than a
Lake L-boat and had far more reserve buoyancy (27 per-
cent, compared with 15.5 percent for an Electric Boat
L-boat or 11 percent for a Lake L-boat). She was far more
seaworthy but too small to take full advantage of her con-
figuration. Probably to save weight in the pressure hull,
her test depth was reduced to 150 ft. She was much more
cramped internally and in the tanks between her hulls
than the single-hull boats. Because of poor ballast tank
arrangement, she became unstable when surfacing or div-
ing and sometimes listed heavily. M-1 was considered
unsuccessful, but her design was repeated in slightly mod-
ified form by several foreign Electric Boat customers (see
chapter 4).

Bids for the six FY 14 boats were opened on 2 December
1913. Electric Boat offered seven designs: EB 32E, 37H,
38H, double-hull EB 39] and 39K, and two fleet subma-
rines, EB 42C and 49B. EB 32E would have been a modified
repeat K-boat; EB 37H was the L-boat chosen. The com-
pany was clearly aware of interest in larger submarines;
to buy them, the navy would have to drastically cut the

These C&R submarine sketches ( facing page) reflecting requirements stated by the Submarine Flotilla board in January 1912 might have
been the first submarines designed by U.S. Navy constructors. Although undated, the drawings probably were executed in mid-1912,
and they reflect the two configurations Electric Boat had developed. Scheme A (top three drawings) is a conventional Electric Boat
body-of-revolution (i.e., single-hull) design (204 ft 6 in overall x 17 ft 6 in, 604/755 tons). Scheme B (bottom three drawings) shows
the sort of vertical-chisel stern Electric Boat introduced in its big Russian cruiser (EB 31A) and an elliptical-section hull form, presumably
housing an inner pressure hull. Dimensions were 197 ft 6 in x 17 ft 6 in (604/780 tons). Each version shows four torpedo tubes with
the independent shutters favored by the flotilla. The corresponding inboard profiles seem not to have survived.



L-9 (AL-9) shows typical war modifications: a chariot bridge and retractable (housing) periscopes. U.S. L-boats
serving in British waters were given AL-designations to distinguish them from the unrelated British L-boats.

i

Electric Boat’s L-1 is shown as designed (inboard, top) and during World War I (outboard and plan views, middle and bottom),
when she served in British waters as AL-1. Wartime modifications included installation of a disappearing mount for the 3-in/
23 gun and sound gear (Y-tubes on deck and on the keel and a T-shaped SC-tube on deck forward of the deck Y-tube), as well
as a permanent sheltered bridge. The disappearing gun mount was inspired by a German 3.5-in (88-mm) gun seen on board
prewar U-boats. This was Electric Boat’s first class to use independent torpedo tube shutters, rather than a single rotating bow
cap. (Jim Christley)
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Simon Lake’s L-8 (built by Portsmouth) shows his characteristic ship-type stern, with its horizontal chisel shape, which C&R preferred
to Electric Boat’s much less buoyant one. The cylinder forward of the bridge houses a 3-in Mk IX gun. The bankruptcy of Lake’s
original company delayed construction of these boats; when completed, they embodied such war modifications as chariot bridges and
retracting (housing) periscopes. Note the signal bell set into the keel forward. During World War I, such bells were superseded by
Fessenden oscillators, which used plates set into flooded tanks. The battery tanks were set above the two main bal last tanks, one
below the torpedo room forward and one below the control room amidships. Note that Lake subdivided his boats more completely
than did Electric Boat, with separate engine and motor rooms aft, and with a separate tiller flat abaft the after trim tank (which was
abaft the motor room, connected to it by an access trunk). He concentrated pumps and other auxiliaries in the large space beneath
the control room, rather than (as in Electric Boat designs) along the propeller shafts abaft the motors. The two periscopes flank the
retractable antenna mast. This class incorporated Lake’s patented air lock abaft the conning tower. (Jim Christley)

size and cost of any other boats it bought at the same (apparently not the navy), by act of 30 June 1914, cut the
time. It therefore offered a tiny EB 38H: 116 ft x 12 ft 9} available money per coastal submarine to $440,000 (an
in, 185.5/228.6 tons, driven by a single 300-BHP 6-cylinder L-boat cost about $530,000). By this time, work on charac-
diesel, armed with only two bow tubes (four torpedoes). teristics for FY 16 was already under way. C&R and the
Test depth was reduced to 150 ft. This design foreshad- General Board assumed that Congress would impose the
owed the N class.” The fleet submarine designs are de- same cost limit. The Navy Department used the 1916 char-
scribed in chapter 6. acteristics (see below) for the FY 15 submarines to produce

FY 15 characteristics for a repeat K-boat, with a 3-in the N class, but it proved far too small to be useful. As
gun and bulkheading sufficient to survive flooding of one in FY 13, the class was divided between Electric Boat (EB
compartment at 50 ft, had been approved on 15 July 1913. 61B: N-1-N-3) and Lake (N-4-N-7). Lake’s N-boats were
The new features were made retroactive to FY 13 and FY considered inferior to Electric Boat’s because of poor detail
14 submarines, which became the separate L class. In design, complicated machinery, and relatively poor habit-
order to buy a single fleet submarine, however, Congress ability.

Electric Boat’s L-11 was a unit of the repeat L class. The circular plate on the hull forward covers a Fessenden oscillator for underwater
signaling. The 3-in/23 gun forward of the bridge is shown in stowed position. (Jim Christley)
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Portsmouth’s L-8 displays Lake’s trademark bulky watertight superstructure, with limber holes to allow the bow portion to flood
quickly for a fast dive.

Work on 1916 characteristics apparently began in May
1914; the General Board formalized them in June. The new
submarines were described as harbor, rather than coastal,
defense boats, with a maximum submerged displacement
of 400 tons (compared with 550 tons for an L-boat). They
would operate largely in the presence of enemy forces,
hence mainly submerged. The General Board wanted both
higher burst speed (11.5 kt rather than 10.5 kt; given a
limited appropriation per boat, C&R could offer only 11
kt) and longer endurance (5 hr at medium speed after 1
hr at 11 kt, compared with 2 hr at 5 kt after 3 hr at 8.5 kt
in the abortive FY 15 submarine). Because the boat had
to attack battleships, she still needed four bow tubes (one
reload each); surfaced in light condition, however, she
could fire only the lower two. To have immersed the other
two would have cost too much tonnage. No gun would
be needed near a U.S. harbor. The main concession was
1 kt less on the surface (13 kt). Surfaced endurance would
be cut to 2,500 nm at 11 kt. Supplies were cut from 30
days to 12. The board rejected a C&R proposal to cut test
depth to 150 ft.

C&R suggested other details to achieve savings. Auxil-
iaries once again could be run from the main shafting.
Diesels could be nonreversing, with the boat maneuvering
on her motors; Electric Boat could revert to 4-cycle designs,
which proved far more reliable and would soon replace

the 2-cycle units of the H-boats and K-boats. Permanent
torpedo warhead stowage could be omitted because all of
the boats would operate from bases.

These characteristics (which were actually used for the
FY 15 submarines) were approved (for FY 16) on 29 Octo-
ber 1914. By that time, the German U-boats were begin-
ning to demonstrate their potential. In December 1915,
the secretary of the navy asked for eight FY 16 submarines,
including a second fleet boat. Bids were requested for SS
62-67 (i.e., for only six boats); C&R was expected to design
the fleet submarine. Electric Boat offered a moditied L-
boat (EB 37L and 37M) or M-boat (EB 39M) or a new design
(EB 68A, the one bought). All had 4-cycle engines (6-
cylinder, except 8-cylinder for EB 39M) in place of the 2-
cycle type used in the H through M classes, which was
performing very poorly. Union Iron Works independently
offered EB designs.” Lake offered a variety of designs.
Lake’s new West Coast affiliate, California Shipbuilding
Corp. (CALSHIP), built three of the six boats he was
awarded.? There were also some new bidders.?

The General Board wanted 3 more fleet submarines
(to make up a division of 4) and 16 coastal submarines.
Congress bought 16 coastal boats (O class, act of 3 March
1916) at a fixed cost of $550,000, about that of an L-boat; it
also bought 2, rather than 3, fleet submarines. The General
Board withdrew its harbor defense characteristics. The FY
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Lake boats show their distinctive sterns at Philadelphia Navy Yard in 1919: O-boats, plus Lake’s prototype G-1 (the small submarine
third from left). After World War I the U.S. Navy standardized on Lake’s flat stern, whose buoyancy kept the propellers and diving
planes down in the water.

14 (L-boat) characteristics were revived, except for one
surviving feature of the original FY 15/16 characteris-
tics—a higher underwater speed of 11 kt. The 14-kt surface
speed was restored, and surface radius was 3,150 nm at
11 kt (maximum 5,500 nm, using ballast tanks for fuel oil).
Again, contracts were divided between Electric Boat (EB
68A: O-1-0-10) and Lake (O-11-0-16). Two Electric Boat
units (O-1 and O-2) were built in navy yards (Portsmouth
and Puget Sound, respectively). The Electric Boat units
survived to WW 1I.

These were the first U.S. submarines with really satis-
factory diesels. In April 1918, Emory S. Land, C&R’s sub-
marine expert, was particularly impressed by the Electric
Boat O class because “two boats [actually] completed trials
in accordance with the contract requirements. That is re-
ally remarkable for our service. . . . These boats are rea-
sonably satisfactory. They not only made the contract

speed but they beat it.”?® The O-boats also had major
improvements in habitability. For the first time, every man
in the normal complement had his own berth (albeit nar-
rower than on surface ships) and locker. This class also
introduced evaporators, which were heated by the battery
and thus wasted power, but they were rarely used.
With the post-1919 shift to Pacific priorities, the coastal
defense submarines were inevitably relegated to training
and the defense of particular points, such as important
bases and the Panama Canal. The C-boats were stricken
in 1920. On 25 July 1921, the General Board recommended
that surviving units of the A, B, and C classes (of which
only 1 B-boat and 3 D-boats still existed) be scrapped im-
mediately; Secretary of the Navy Edwin Denby agreed on
30]July. The board considered the H class obsolete because
of its poor habitability and short radius of action. The
larger K-boats retained some value for coastal defense.
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M-1 was Electric Boat’s first U.S. double-hull submarine. The company had already designed a larger double-hull boat for Russia (EB
31A design, Narval class); M-1 had a similar stern, unlike those of standard Electric Boat single-hull submarines, with a single rudder
and propellers well below the axis of the hull. Unlike Lake’s stern, the stern on M-1 had a vertical chisel shape, much like contemporary
cruiser sterns (but not raked forward). The 3-in/23 gun is shown set up on deck. A World War 1 British observer, Stanley Goodall
(later Director of Naval Construction Sir Stanley) found crew accomodation particularly comfortable, with cots (bunks) three high,
light and easily stowed. The boat was heated and had an ice tank (i.e., refrigerator), but she seemed crowded. Early in 1918 the
existing Gould batteries had already been found unsatisfactory, and were being replaced by thin-plate Exides. (Jim Christley)
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Cross sections of M-1 illustrate Electric Boat's approach to double-hull submarine design. At
left is a structural drawing of the boat’s midships cross section, with the safety tank shaded in.

At right are cross sections at the engine room (top) and at the crew’s quarters (below, where
the battery is crosshatched).



Electric Boat’s 415-ton double-hull B class (EB 406B, for Norway) illustrates the company’s standard design practices. This boat was
essentially a stretched two-tube boat with two more tubes projecting out from her stern. Like Electric Boat's single hull craft, this
one had a duct keel draining through Kingstons amidships, below (and controlled from) the control room. Planes and rudders
were all controlled by rods leading from the wheels (the rod lines are indicated by arrows). The boat had the usual mushroom
anchor forward and a Fessenden oscillator aft.

The enlarged cross section shows the unusual flat-floored pressure hull form, otherwise circular, and a pair of Kingstons, with
their controls. Six boats were ordered in 1915, but material could not be delivered in wartime, so they were not completed (by
Horten Navy Yard) until 1923-30. Characteristics: 420/545 tons, 51.00 X 5.33 X 3.50 m (167 ft 4 in x 17 ft 6 in x 11 ft 6 in),
2 Sulzer diesels, 450 BHP each, two 350 HP motors (14/11 kt). As completed they were armed with four 45 cm (18 in) torpedo tubes
and a 76 mm antiaircraft gun (indicated here by dashed lines), although the gun seems not to have been included in the original
design. Two escaped to Britain in 1940; the Germans put two others into service as UC 1 and UC 2.
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In July 1916, Norway ordered a pair of 220-ton, two-tube C-boats (EB 407A), but they were canceled.
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Electric Boat's N-2 was used for training at New London in the early 1920s. She is shown loading a torpedo warhead.

Lake’s N-5 is shown at the end of World War I, with standard sound gear (Y tube and SC tube) on her foredeck.

This design was considered obsolete; the boat's engines were removed in 1922 for installation in an Electric Boat
L-boat.


