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Throughout the rich history of the United States Navy Submarine Service, there are several
submarines thabave becom iconic and are among the first mentioned in history texts.Hidtkand,
Gato, Nautilus andGeorge Washingtoalways receive top billing when discussing submarine history
and deservedly so. They were technological pathfinders or the parang@fihdmportant classes that
won wars or kept t he epteealas®ofsubBarines achiaved that eonit St&u8 0 s |
and came to represent the Silent Service in the minds of the public.

Designed during WWI when Germanhdats were rumng amuckin the Atlantic, the Slass
submarines were t o b e-goiogiattackNsabmarimes. Afl praevieus classesilad o c
been designed for harbor defense or coastal patrols and were not suited for blue water operations. The S
class, vhile not a tue FleetSubmarineas the Navy defined that term, were to be longer ranged, faster,
more heavily armed, and more habitable than any previous submarine class. They wound up being too
late to see action in WWI, but they began to enter the fleetapushe Roaripg 2 006s st art ed
submarines of this class comprised the largest single class of submarine in the U.S. Navy until WWII,
and it made up the bulk of our NavyoOs sullmatsar i ne
served right upo the end ofWWII, an urthinkablelongevity for the time.

One of the accepted definitions of the watdssi s fia number of things
group by reason of common attributes, chawnllacter
meet this definition, but in addition the ships will also look and be outfitted in such a manner as to be
nearly identical. The layman might be surprised to learn that thecldsS submarines were anything
but a homogenous, identical group and weriact a cass in name only. The@ass was actually made
up of no less than six distinct groups that were built by four different manufacturers. The Navy
considered all 51 boats a single sladgcause they were all intendedneet the same set of parhance
andwar-fighting specifications.

The first two years of World Wdr 19141916, proved to be revelatory ones for the U.S. Kavy
Submarine Service. The rapidly changing naval situation abnolachied that some long éld beliefs
abouthow submarines we suppsed tobe operated were losirggrategic and tactical validity. The bulk
of the service was madup of the H, K, L, and Nlasses These were designed asastal patrol
submarines, intendetd range out from American bases and attack an enemyafiettiey approached
the coastline. In essence, they were looked upon as a mahbigdield in which a enemy fleet would
impale itself. Since these boats were never intended to be very fathearoperatingbase, they were
shortranged, lightly amed, ad very nearly uninhabitable after a feays at sea. As intel@nce reports
from Europe began to trickle ihwas realized that German-twats were routinely spending32wees
in the war zone off Great Britain and the teas Atlantic. Theadvancedstae-of-the-art of the German
submarines and theedredations ty were iflicting onBritish and Allied shippg drove home the fact



that our sbmaines were woefullynadequate for that pe of war. This was perceived as a dangerous
strategic weaknessspecially if Great Britain were to fall.

Studies conducted in the summer of 18¥6he USNs Bureau of Constructiof Repair(C&R)
andBureau of Engineering (BuEng)ere intended to develggpecifications fom submaine that could
cross the Atlatic onits own and stay there long enough to inflict serious damage on the €fegsg.
specifications as codified were approximately 80@000 tons submerged displacement, length
appoximately 250 ft.,submerged speed 14 knots for 1 hour and 10 knots fauBswith a surface
rangeof 3,400nautical milesat 14knots and 5,400 nautical miles at 11 knésnament was to consist
of four 2X-inch bow torpedo tubes (two reloads eadit)ese studies and the strategic situation in Europe
convinced the Navy Department tife need for the 800 tonner, so appropriationg-fecal Year1917
included funding for three of the ndwats, to be called the@ass.Follow on boats were authorized in
wartime appropriations in March and October 1917.

Prior to this point, the N&y would develop a set @feneralizedspecifications that they wamte
submarine to meet, then puttdhose specifications to industigr bids and proposals. The Navy had no
design experience itself, so it was forced to acceptavilatwas proposed to they industry. There
were really oty two private frms in the Uited Stateshat were capable of building subrmes, aghis
process required a set of specialized skills. The Electric Boat Confga&)yf New York City (later
Groton, CT.) and the Lake TmedoBoat Company(LTB) of Bridgeport, CT. wee those comanies.
The reliance on private firms for the detailed design work forced the Navy to ackepiver was
offered to them, and thBepartment had littlenfluence in that proces$he two firms obviasly waned
to build a submarine at a profit to its owners and investors, and the Navy wanted the¢hmabstdapon
system possiblelhese two pilosophieswvere often incompaiie, and the result was that the Navy often
did not get the boat it wanted.

C&R had developed somnexperience by building three subrimes under liense from Lake and
EB at the government own&brtsmouth Navy Yar@NY) in Kittery, ME. and thePuget Sand Navy
Yard in Bremerton, WA. A lot was learned from that experiersteby thetime thatthe Sclass was
being developethe Department was cod&nt enoughn its abilitiesthat it felt it couldprovide some
direct competition to EBand Lake by designing anbuilding elements of the-8ass at government
yards.Potsmouth was desimted as the lead submarine design center for the Navy, and they developed
their own design to meet thectass specificatiam One each othe three designs madep the three
boats authorized in the FY¥7 appropriations, with follovon boats assigned tca@h yard inthe
subsequent bills. Serigsoductionof all three designs was intended from the start.

ELECTRIC BOAT DESIGN

El ectric Boat 09SS&D(ESL05). bhes designds sontetenes referred to as the
"Holland" Sboat, a referenceotone of EB 6 s  fsonventdrdahn Holland.It was a single hull
design (Figure 1),
with all ballast
tanks internal to the
pressure hull in
essepne a scaledip
version of all their
previous designs
The hull was a
rounded spindle

o — Fig. 1. Drawing by Jim Christley via Navsme.




shape with a narrow perstructure atop it that ran % of the way to the stern before the skeg tapered
down to the rudder. The rudder itself was placed at the very end of the hull, in lindwithth ul | 6 s
and aft of the twin screws. She had fouri2dh torpedo tubefrward, a prominent towing fairlead pipe

at the far forward, upper end of thew, and a single starboard side anchor. A squared off conning
tower fairwater sat deatknter on the superstructure, supporting the periscopes and radio Raguaks.

2 showsheron her trial runs,with a portion of the conning tower fairwater surrounding lihege not

yet installed, a commoronstruction technique of the timAs built, she sported amall 3inch/23
caliberMk 9 deck gun thapartially retracted, breech end firgtfo a watertight tub that penetrated the

superstructure forward of the

fairwater and into the pressure hyll Missing bridge
: Retracted :

in the forward battery aiin fairwater
compartmentA circular gun shield

attached to the barrel formed the—ssigTamead
watertight topof the tub. A desire| i
to redwcedrag andhereby increasqd =\, =
underwater speed led to

the

adoption of this unusual gurl.— § ' e - e
Lessons fom German experiencg : e
with larger guns were stiII - -“‘?—:'--{_,.,}:f‘f-:;kf

forthcoming. Her bow planegs e g

retractel aft into the superstructure e e _ : :
one of the earliest examples of th - = Fig. 2. NHFC photo NH 419 s -
feaure. EB did rot at this tine - — =
have thelargeconstructionyard in Groton and thus contracted t86 s ¢ o n s ttheBethiehem n t o
Quincy yardof Quincy, MA. (formerly Fore River Shiguilding Co.) A slightly later photo Figure 3
shows the angular slabsided fairings for the
AR L5 bow plane pivots otthe forward superstructure.

plane . . .
fairings She also hmhad her bridge fairwater installed.
Once accepd intothe Navy she was quickly
repainted in the standard Haze Gray paint
scheme. Overall, the S1 had even, well
proportioned lines. Thisvas mostly due to the
| fact that alone among the thrpetotypes, EB
splittheboat 6s main battery
Fig. 3. NHHC photo NH 8059%a Navsource. with half forward of thecontrol room, and half
immediaely aft. This was a favored feature BB designs, which added a leveledéctricalredundancy.

TheSlwas chosen in 1926 to conduct the Navy?®o
carrying and launching an airplane from a submaffifigures 4 & 5). For these x@eriments, she was
fitted with ahorizontally mountectylindrical hargar aft of the fairwater. It held a single Martin MB
floatplane partially disassembledin order to accommodate the hangar, and to give additional space to
extract and assembtbhe planethe superstructure was expanded outwandeither side of theoming
tower fairwater and aft towards the stern. The angle at which the skeg tapered down to the rudder was
sharpened and the stern light repositior&tewas also refitted with grger, more powerful 4nch/50
caliber deck gurfcoincidentally also dégnatedMk 9), necessitating the widening of the desgonson
aroundthe gun. This gun replaced thar@h/23 caliberidisappearing mount that was roundly disliked
by the crew as being unrelie and laking punch and because the gun tub took up spadksriorward
batery conpartment
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Fig. 4. NARA photo 18I-475A via RgBoatsCOM

Fig. 5. Close up view from aft. Note the thoensuming latchig system for the hangar doall individual bolts.NARA photo 19N-13131via Navsource.



Literally  making up
doctrine as they went along
(Figure 6) normal practice for
launching the aircraft was to
surface the boat, open the hangar
and pull the aircraf and its
components out. It woulthenbe
assembled on theft deck manned
by the pild, and the engine
started. The boat would then flood
downthe afer group ballasttanks
andtheaircraft would float off and
make its take off run. Recovery
would be tle opposite of this
procedureThe approxmately one
hourthat it took for this actio and
the neessity of having glass calm

— seas showed the concept to be
unworkable and it was never repeated on a U.S. submarine (although it was considered for inclusion on
the laerfleet boatv-4, but droppedrom the design prior to constructipn

LAK E TORPEDO BOAT CO.

The brilliant but eccentric Simon Lake and h
competition in the yearkeading up to the Boats. Lakesubmited a design that became the US2
(SS-106). It was a modified double hull degn and thuswas gaerally cylindrical in shapgFigure 7)
but it tapered sharply upward forward and gitying the amidships portion a somewhat squat, almost
pregnant look. The stern was a flatrizontal i sove | sbape, a Lak&rademarkthat provided needed
buoyancyat the sternHer rudder was mounted beneath the st
rudder),and the ruddepivot structure also supported the stern plamesnatch the posibn of the sern

Ventral mounted rudder,
stem planes& shafts

Fig. 7. Drawing byJim Christley via Navsouec
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planes, the propedl shafts also exited beneath the hlile superstreture ended short of the stern. She
also had a starboard side anchor and fully retractable bow planes. Her battery was isitoatd
compartmenforward of the contrdoroom, andtha hadthe visual eféct of pushing the conning tower
fairwater aft a litile. Like the S-1, she conducted her initial sea trials without the bridge fairwater
installed(Figure 8)



Bridge fairwater added
later
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short of stern
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Fig. 8. S2 onbuilderGstrials, Sept. 1919. NHH@hoto NH 41993 via Navsource.
Initially built without a gun, she was also refdteith a 4inch/50 caliberMk 9 weapon. Similar
to S-1, her deck around the gun mount hadbe expand outward to provide adequate space for the
large gun, in this case a considerable amg@kigure 9) A portion of her superstructure amidships was
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Bridge fairwater -
installed

New 45/50 caliber Mk 9 gun : v
with expanded sponsateck
below

designedto be watertight whilesurfaced. This wa to provde addiional surface reserve buoyangya
characterisc somewhat lacking in the EB design. In the photo above, grated covers can be seen fore and
aft and underneath the gun deck. These protected thgsém flood valvesfor the superstrture
tankage A thorough series of sea trials after kemmissioningevealed that she tended to burrow into

the waves while surfaced, making for a very wet deck and bridge. Accordingly, Simon Lake designed a
fix for this problem thatealted in the addion of a bow bwyancy tank external to the superstruetu



This gavethe S2 a distinctlook from the rest of the -Boatsand was reminiscent of several British
designgFigures 10 & 11).

A
M

N New raised bow
buoyancytank

Fig. 10. S2 at Portsmouth 04 J@n1921 showing new bow. NARA photeNt3606 via Navsource.

Fig. 11. S2 in drydock in Tsingtao, China approximately 19”Roto from the Rick LarsaBollection via PigBoats.COM.




PORTSMOUTH NAVY YARD

Thegover nment 6s e Soas (gometior calhl edccaube deBugn,
Bureau of Constrction & Rep#&) was built atthe Portsmouth Nay Yard and eventually commissioned
as the USS-3 (SS107).

Fig. 12. Drawingby Jim Christley via
0 20 40 Navsource

A full double hull boat, dlof her main ballast tanks were com@d exterior to tle pressure hull
(Figure 12) She was considerably longer (231 ft. 287 ft. forS-2 and 219 ft. foiIS-1) and a little wider
than the other two boats, giving her a long, sleek appearaltbeugh aunique desigroy Portsmouth,
S3incorporated seva Lake patentswhich the chronially underfunded Lake allowed (for a noval
fee of ourse)believingit would help him financiallySimilar to S-2, her battery was contained in one
large compartment favard of the catrol room, which had the visual effieof pushing herconning
towerfairwaterwell astern. Despite thispme lelievethat he Government design was the most visually
striking of the three, with graogflines that are more appealititan he boxy, squarckoff look of the
EB design. The londpull had far lesscurve to itthanthe S1 or S2 andthe stern ended in sharp
vertica | A ¢ The su@derawasinderneath the stefone of the Lake pateni)ut the stern planes
were suspended ohdir ownsuppot post above the rudder.

. sy ) Periscope shears
Sailor sitting on coning

tower hatchpridge
fairwater not yet installed

Conning tower
fairwater

Fig. 13. S3 on buildets trials, 1919. NARA photo 49-3597 via Navsource.

Figure 13shows her onrials in May 1919 Like the other two boatshe rartrials withaut her
bridge fairwater installed, and sailor can be seen sitting on the top of the conning tower, a vertical
wateright cylinder above the control room. &hconning towerwas a common feare on USN
submarineslt contained a remotgteeringandperiscope station, along witteadlight viewports around



the upper edgeThe rest of the structure built around the conning tower and thecpee tubes is
properly called theeonning towerfairwater and periscope sheardrigure 14 shows that distinctive,
stepped bridge fairwatevas soonadded;bulging far forward and hanging over what would later
becomea ready-use ammunitin locker It also wrapped arounthe periscope sheafSigures 14 and 15
also show tha%-3 served the first few years of her life without a deck gun or expanadesep deck. A
40/50 caliber Mk 9Qun would be added ket

Fig. 14.S-3 underway shortly after commissionjd®19 or early 1920. NARA photo-M910680 via Navsource.

The suprstructure was quite narrow and ended far short of the &ikmthe other twdboats
she had a starboard sidechor anddlly retractable bow planes, but didt have the pronment towing
fairlead pipe at the bow like tHe1l. The Gwernment degin tackled the surface buoyancy issue by
dividing the main ballast tanks into upper and lower halves, with the upifendving searate flood
ports and Kingston valeeThese can be sa as dark squasespread out evenly along the waterline
both phots above. Thesupport shears fad8-36 two control room periscopésitially did not extend
above the regdf the connng tower faiwater (compare to her sist&4 alongsgdein the photdelow).
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Fig. 15.5-3 alongside 8! and Rclass submarines iNew York harbor, May 1920. NHHC photo 99882 Navsource.




Lengthened periscope

4¢/50 caliber Mk 9 gurand shears
expanded sponson deck
added

Fig. 16. S3 making a test dive in the tl& Mystic Channel just off the Boston Navy Yard, late 1920. Photo courtesy of the Boston Public Library, Leslie
Jones Collection via Navsource.

The shears were eventually lengthenedrtliorateperiscopevibration problems while running
submergedA short, 10 %2 foot third periscope was installed in the conning tdvigure 16 shows
partially sibbomergedS-3 with the lengthened shiessand angle braaks that were inalled to support the
conning tower pesicope.Also kuilt without a deck gunS-3 had a4-inch/50 caliber Mk 9 gunadded
and this necessitated tbheeation of avidenedsponsordeck faward of theconning towerfairwater.

CONCLUSION

El ect r i $1 hBdogadaduindawater maneuverability, was a comparalivfast dive, and
her single hull construction eased exterior maintenahcavever, he superstructure proved to be
weakly built,especially &. Shelacked in surface buoyancgiving her a wet d& and bridge anthus
making her a less than optimal gplatform. AnEB subsidiary, NELSECO, supplied the engines and
these proved problemati&16& engines were completely wreckedring trialsby excessive torsional
vibrations Investigations showed ththe crankkaft wasof insufficient diameterand this proved to be
a major design flaw for all of theBB-15 engines used in the EB-boats. Solving the problem proved
difficult, and this greatly delayed the entire EB serid®e prolbemwasevenually worked throughand
ultimatdy the EB Sboats gavgeeomanlik e servicethroughout the 920, 306, and WWIL



