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The originof theBalao and Tenchclass submarines tiie SecondWorld War actually stemmed

from an incident that befell the U.S. submargmastruction industrgluring the buildingof the
Sargoclass submarines in late 1938. Although embarrassing and critical in nature, once corrected
it led to a fortuitous chain of events tratabled the design of the rugged and well liBadbo

class boats and their latear progeny, th&enchclass.

During the design and construction of therpoiseandSalmonc | ass boats i n the
two major submarine design entities for th8N, theNavy 6 s Bur eau of Constr
(C&R) at thePortsmouth Nay Y ard of Kittery, Maine, and the Electric Boat Company (EB) of

Groton, CT. had developed a rather cavalier attitude when it came to weight cdntitble
interests of safety and ruggedness the design
systems, the result of which was that by late 1938 the submarinesSdrtjeclass were badly

overweidht and could not pass stability requirements. Ténglation came assharpslapin-the-

faceto the designers and the yard workevkich thenput themselves on a strict weight control

initiative. The existing boats had their weight trimmed rbgesigning and lightening engine

mounts, by cutting away redundant sections of topside fraramijn the simplificationand/or

elimination of piping runs ancedundantvalvesamongst other initiativesThese improvements

were incorporated into the constructiontioé newer boats and by the time tato class began
construction in late 1940 the mania over weight control had gotten to the point that the boats were
now underweight and lead ballast had to be added to keep the boats within stability requirements.

Although far preferable to being heavy, the light condition of the boats and the necessity of
correcting this with scarce and valuable lead ballast was a point of concern to the designers at
C&R. I n | ate 1941 t wsubmarinearthiieets, Armang NMasganl frena ttheé n g
Bureau and Andrew McKee from Portsmouth got together with the intention of addressing this
issue. Their solution was to transform the weight of the lead into heavier steel for the hull. They
sat down in a brainstorming s®on and iterally did hand calculations on scrap paper and
envelopes They found that by increasing the thickness of the pressurephating, and by
switching tostronger High Tensile Steel (HT&ey could increase maximum diving depth to 650
feet, a substantial increase over the 300 foot test depth Gfaties.In the interests of safety they
backed off the test depth of the new design to 450 Teetexpedite productiothey simply
modified the existingsatoplans to incorporate the thicker pressure hull.

They had the design all worked out and finished just prior to the commencement of hostilities, but
were unable to present it to the head of the Bureau until after he returned from an inspection of
ships damaged at Pearl Harbddmiral Cochrane made one other change prior to approval in that

he set the test depth to 400 feet over concern that the trim pump would be unable to handle the



pressure at the deeper depth. The design was so similarGatibethat it was simply rolled into
the production schedule at Portsmouth (and her follow on yard at Mare Island, CA) with no break
in production, although the change was on a strict-t@&dow basis due to security concerns.

Thekeel ofBalao (SS285) was laid on 26 June 1942 at Portsmouth while the last Gatees

were still under construction anodi her. Mare Island followed quickly witeahors€SS304) on

01 July. Cramp Shipbuilding Company of Philadelphia had been brought into the submarine
constructionmasterplan andthey used the GovernmerfC&R) design. AlthoughBalao was
designated as the lead badtthe classCramp actually beat Portsmouth and Mare Island to the
punch, laying the keels &fevilfish, Dragonetard Escolarbefore the government yargettheirs
startedHowever,Crampwasexperiening a severe labor shortagjgought on by the swift defense
buildupand when combined with other production problems thetrasd a substantial delay

the delivery of their boatsElectric Boat, by virtue of their substantiallgrger construction
capacity had beemwarded a huge contract f@atoclass boats and therefore was unable to make
the shift to the new design until January 1943 withReech(SS3 1 3 ) . EBahyardf ol | ow
Manitowoc Shipbuilding, laid the keel of their filBalaoon 07 July 1943 withHardhead(SS

365).

Although internally virtually identical to the late producti@atoswith the exception of the
heavier hull, theBalaoclass design incorporated a substantial change to the exterior appearance.
The conning tower fairwater and periscope shefitsese new boats were built from the very start
with the cut down minimalist appearance that was
being retrofitted to the existingatos.The original
large fairwater of th&atos(Figure 1)provided a
smooth hydrodynamic water flow around th
conning tower while submerged aadomfortable -
covered navigation bridge for the Officer of th
Deck while surfaced. Unfortunately, thig
configurationalso provided a massive visual targ
for the keen eyed Japanese lookouts witieir
excellent binocularAlmost immediately aftethe
start of the waran effort began to reduce the hu
bulk of the fairwater silhouette. First, the bulwa
aroundthesc al | ed ACi garetite DeckKo aftt of The
periscope shearwas cut away. Thisvas followed by the removal of the plating around the
periscopes themselves. The final steps invothiectutting dowrof the covered navigation bridge
at the forward end of the fairwatandlowering the height of the bridge itselNot only did this
provide excellent platforms for mountingf

Fig. 2.USN photovia Navsource | additional antaircraft guns, but it provided locations
for additional radar masts and auxiliary antennas.
Three heavy-beams rose up vertically on either side
of the conning tower, then turné&D° inwards to
provide structural support for the periscopasd
platforms for lookouts Once the plating was
removed from around these beams, the visual effect
gave rise to theGatos being nicknamed the
ACover ed W4dRpgoe2) Boat so

Fig. 1.USN/Electric Bat photocourtesy T.R. Lamiand
Navsource

The concerns over the bulk of the fairwater had been
noted prior tothe war starting, but bureaucratic




inertia and design conservatism kept any changes from being madé&mtdtotassand previous

boats. Once hostilities commenced, all objections were quickly swept away and the reduced
silhouette was incorporated into the nBalaodesign, with some distinct modifications aimed at
simplifying constructiorand reducing the size even furthalthough outwardly quite similar in
appearance to the later look of tBatos,a close examination of photographs will reveal those
differences and allow the separation of the clasBes.designations of the mast configurations
that | describe belowTpe 1, Type 1A Type 2 etc.) are entirely of my own creation and do not
reflect any official Navy nomenclature. | created them to make sense of the variations that | found.

BALAO CLASS 1 INITIAL CONFIGURATION (TYPE 1)

Two periscope tubes,
thin mast for SJand
thin mast for SD

Minimalist design for
conning tower fairwater
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Figure3isd 6 Jun 1943 ph oSeahorsg$S30pEamds a gosdloeraldview of

the original aslesigned configuration of th@overnment design for thBalao class. Her gun

ar mament consists of a 40/50 caliber Mk 9 gur
automatic cannomvith Mk 10 open tripod mountsn the forward and aftup decks of the

fairwater. This is the adesigned gun armament for the edblaos,the efficacy of the heavier

armament having been demonstrated by wartime lessons from the already Sataripss.

Figure 4 is a&loseup olLionfishtaken

SJ radar dishet LF loop antenna Fig. 4.USN photo | IN May 1945 It shows the periscope

mast \ f - =olice shears and mast arrangement.
- _ Noticeably absent are the covered
SD adagiiest - ooopaguies wagon ribs of theGato class. The

shear structure has been reduced from
the previous class and greatly
simplified. The scope tubes are
gradually tapering cones connected to
the deck via a tapered support bracket
out of view here directly behind the
bridge. The two tubes have a
horizontal stiffening bracket
connecting them at the top and about
onethird of the way down. Directly
behind the two smpe tubes is theornt
extendableSJ surface search radar
mast, and directly aft of that is the
extendable mast for the air search SD
radar. Both of these masts are braced
to the shears withflat horizontal

Bridge hatch bulge =




stiffening brackets. This configuratiaf two scopesfollowed by theSJand SD masts spaced

closely togethers calledthe Type 1configuration. In this late war photbionfishhas received a
heavierBofors 40 mm Mk 3 gun mount forward of the bridge. The starboard side of the bridge
fairwater has been bulged outward. The overall size of the fairwater had been reduced so much
that theBalaod esi gn di dnodt all ow enough room to swi
conning tower. This bulge rectified thptoblem and is a prominent feature of these boats.
Immediately aft of the SD mast is a pedestal for a Target Bearing Transmitter (TBT), used to send
target bearing information below during a surface attacthis photo ot.ionfishand in the photo

below a circular loop antenna for leinequency radio reception is visible between the periscopes.
This allowed reception while the boat was submerged at periscope depth. By 1944 reception ranges
exceeding 2,000 nautical miles were possikith this antennalIso visible on the superstructure

below the fairwater are the oval shaped limber holes used to allow water to freely flood the
superstructure while diving. This shape and pattern are indicative of the Government design, as
are the horizontal stiffening lokets on the shears.

AnotherType 1boat isHardheada Manitowoc built version of the EB design, shawifrigure 5
ontrials in Lake Michigan in December 1943. The EB design contained a few minor but noticeable
differences from the Government
version. Most prominently, the fla] Fi9: 5 ®urtesy of Wisconsin

. . Maritime Museumand Navsource
horizontal stiffeners between th
shears have been replaced with
fbow-tied shapedversion Notice also
the halfmoon shaped limber holes i
the superstructure. These two featur
set the EB design apart from that of th
Go v e r n Miematrwater.undr the
aft 20 mm mount is quite short here
Hardhead with the gun deck having &
prominent overhang. This is due to
revised design for the man size
mushroom shaped main air inductig
valve, located inside the fairwater if*
this space. Smaller than the one in t
Gatos it allowed for a further
shortening of the fairwater. The
Government version of the fairwater had it tapering to a fine
Dooriviacce -l point here, with less of an overhang. Some late war

2 modifications to the Government design removed this taper

and repaced it with a configuration very similar to the EB
original design shown heré&igure 6shows a portion of
Ket&d $airwater in August 1944Directly beneath th&0
mm mount is a vertical oval shaped opening that leads into
the fairwater and an access trunk to the control room below.
This watertight trunk allowed direct access to the main deck
for the gun crew, eliminating theead for them to pass
through aralready crowded conning towén.this photo the
doorto the trunk is swung open to the right and the opening
| to the trunk is just visible to the left of the hatitor. This
is a commorBalao class feature, regardless of whether the
boat is a Government or EResign.

Very short, rounded
aft end of fairwater

EB stydeéet
stiffener

EB style halfmoon limber holes

Fig. 6.Photo by Harry Berns courtesy NHHC]




Fig. 7. Photo by Herb Hanson courtesy John
Hummeland Navsource

Note differences in
bridge wind venturi

| Government style ) Anchor on starboard
oval limber holes Anchor on port side side for EB design
for Govt. design -

Many Balaoclass boats finished the war with fhgpe 1mast configuration, as shown here in this

fall 1945 photo of Submarine Squadron 5 at Gukinfrigure 7are (L to R)SegundqSS3998),

Sea Caf{SS399),Blenny(SS324),Blower(SS325),BluebackSS326), & Charr (S5328). The

first two boats are Government design, indicatedhgydouble row obval limber holes in the
superstructure and the flat horizontal stiffeners in the shears. The rest are all EB design, indicated
by the bowtie stiffeners in the shears. Note also the starboard side position of the anchor on
Blower.EB boats had the anchor on the starboard side, Govermoatson the port sideThe

forward edge of the bridge fairwater has a wind venturi mounted, uslefléot wind up and over

the heads of the bridge watchstanders. Note in this photo that no two boats have the exact same
venturi design, indicative of the many schools of thought that existed on how to mitigate the bridge
wind problem

One of the other tangible side benefits of the weight fiasco of 1938hatthe weight margin

built up in the aftermath of the incident also allowed additional equipment to be added to the boats
without having to worry about an adverse stability impBigw radars, communications gear,
electronicsurveillanceantennas, and most importantly guns and ammunition were added as they
became availabl&sun armament varied wildly from boat to boat, shaped by supply issues, by the
desires of theubmariné s  candebywthe type of mission the boat was going on. All of the boats
inFigureéhave been refitted wi?lalatetwar@noGatioh dténdedtol i ber
increase firepower as good torpedo targets became scarce. Some of the boats have the gun mounted
in the forward position, others in the aft spot. Some even have two of the larger guns. All of the
boats have the 40 mm gam both of the fairwater gun decks, lower (which has only one

50/ 25) has an additional 20 miforwdMkdeck Qunepotu nt o1



Carefulrear r angement of the ammo magazine bel ow t
to be carried, anavatertightready service ammo lockers wdeger added topside in several
locations, most notabliy the forward and aft ends of the fairwater.

Fig. 8. USN/Mare Island photo courtesy Darryl
Bakerand Navsource.
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Spadefis{SS411) is shownn Figure8 off Mare Island on 11 May 1944. Even though she is in
her asbuilt Type 1Imast confi gurati on, s hMk 17 gun is theaftt i n g
position. She was the first boat to be built with the heavier gun.

LATER CONFIGURATIONS 1 TYPE 2

All but the very lastof the Government desigBalaos were built with theType 1 mast
configuration, as were over half of the EB desipats. However, imid-1943EB altered their
plans with a new mast arrangement that moved the SJ radafomveastd of the periscope shes,
leaving the SD mast in itssual position affFigure 9) The reason for this change is not entirely
clear, and it went against the trend started infédw@mbor/GarandGato classes of moving the SJ
< E mast aft of the shears and
W"ﬁd CNCEN out of the way on the
ofshear's = . .
bridge. However, starting
with Bugara(SS331)all
subsequent EB boats
were built with the SJ
M sited forward (the
| sequence may have
started with Brill (SS
330), but her abuilt
configuration is not yet
clear). Manitowoc made
the switch to SJ forward
starting with Lizardfish
(SS373) in March 1944.
Fig. 9. USN photovia This arrangementf the
Navsource SJforward, followed by
the two scopesthen the
SD is called th@ype 2configuration. The SD mast is separated from the shears by a fairly large
amount, suggesting that the SJ mast move was a simple expedient, leaving the existing support
brackets for the SD mast largely intact.




EB-style bow
tie stiffener

Museumand Navsource

SJ1 mast mounted
& / forward

Wind venturi

/ l Fig. 10. Harry Berns courtesy Wisconsin Maritime

Ready service g

5
ammo locker -*" Ready service

ammo locker

Figure 10 is an excellent August 1944 photo ladggerheadn her Type 2configuration. Very

evident ardhe typical EB design bowe shears stiffeners, two additional ready service ammo

gun tubs under the fore and aft fairwater gun decks, and the LF loop antenna between the shears.
She has the heavy Mk 3 40 mm forward and a 20MikrmaO gun aft, a typicabutfit for Manitowoc

boats of this period. Except for the gun armament and the SJ position, notice the overall similarity
with the photo of the
Type 1 Hardhead
above. Between EB
and Manitowoc oly
eight boats can be}
confirmed to have bee
built with this mast
arrangement with
quite possibly three|
more). Curiously, the |
overwhelming majority &=
of theType 2boats had U.»: ,_ [-.
their surface search seEFr
moved to an afth___
posmon after the war, ---‘..4..,

Fig. 11. USN photo courtesy David Buelhd Navsource

335) retaining heType
2 (Figure 1).




TYPE 3

Then with theseeightboatsstill under constructionEB altered the plans again. Theympletely
re-designed the SD air search radar mast, thickening it, using a gradually tapering cone shape very
similar to the periscope shears, but slightly shorféns obvious change to theadar mast

e o distinguishes these boats

ig. 12. Harry Berns courtesy Wisconsin 1

Maritime Museunand Navsource | New, thick SD as theType 3 Carbonero
orSVradarmast | (SS337) was the first
boat with aType 3and all
subsequent EB boats
were built this way.
Manitowoc made the
shift to theType 3 with
Macabi (SS375) in May
1944. Figure 2 is a
Sepember 1945 shot of
Mero andis a very good
representation of aype 3
—\| boat The LF loop has
been moved aft between
the shears and theadar
mast (in this case the
brand new SV)and she
sports two 40 mmgun
mounts. A late war
addition was a ladder that ran from the aft gun deck to the main deck, just visible in this photo on
the right. The opening in the faiater for the gun access trunkpiginly visible under the forward
gun deck.Another feature that varied considerably between boats are the lookout platforms,
usually attached to the shears. They were easy to change by yander crews between patrols
and the variations reflected the whims and operational practices of the individual crews. Twenty
boatswere built by EB and Manitowoc d3/pe 3sand being at the tail end of their production
runs most of them were completed too late to make any war p&iguse B is afine shotof the

Wind venturi

Fig. 13. USN photo by Harry Berns 40 mm guns on fore

and Navsource and aft gun decks
5101 /25 cRallleiMbi

JT sonar head

Type 3configuredMacabi(SS375) on trial runs in Lake Michigan in 1944, Thesffaped bar on
her forward deck is the rotating head for the JT s@aassive listening array meant to supplement
the standard QB/QC transducers mourdedretractable postsnderneath the forward torpedo
room on the keel.



TYPE 1A

By 1944 the conning tower had become badly crowded. This separate horizontal cylinder exterior

to the pressure hull drabove the control room wh

some to the boat 6s

the helm, chart table, both periscopes, radar, sonar, the Torpedo Data ComputergidDC)

torpedo firing controlsAt battle stations as many

as 12 men crowded into it. A small amount of

room was gained in thBalaosby having both ends of the conning tower dished outward in a
convex arrangement, as opposed to @oenetimes both) ends being concave as orGties
This relief was short lived and various methods of relieving the congestiorstudred

New thick SD radar
mast moved aft

Fig. 4. U
courtesy

RESTRICTED

structure

Finely tapered
trailing edge for
fairwater

g

R e

attached to the aft periscope shear. This photo
shears, normally out of view behind the bridge fairwaBatao retains the original shape of the

Periscope support

The extendable SD radar mast
was located aft of the
periscopes in the origindlype

1 configuration and the mast
had to pass through the conning
tower. In mid1944 a new mast
arrangement moved the SD
mast aft just enough to get it out
of the conning tower

y completely. A whole newhick

| mast housing was built for it on

{ the forward part of the cigarette
deck.Figures 4, 15, and B are
srd| October 1944 photos of the
class boat Balao. They
highlight the new mastThis
configurationis the Type 1A
The surface search SJ mast
stayed in its normal spot
also shows the tapered support structure for the

SN photo
Darryl Baker

aft end of the fairwater, with it tapering to adi
point with little overhang for the gun deck. Son

Fig. 15. USN photo

e courtesy Darryl Bakel

boats had this modified to a more rounded end,
similar to the EB design, and it was worked into t

SD radar
fully raised

Electronic
surveillance

I

later Government prodtion runs.Balao retains
two 20 mm guns and
9 deck gun in this photo.hE larger guns would
come in a later refit. The bulge on the starboard S
of the bridge fairwater that provided swing space
the conning tower hatch can be seen. The small
antennas on the forward edge of the number

periscope shear are the sfir installations of
electronic surveillancgear. The APR stub at the to
could detect low frequency signals and the-44S
antenna below it was used foramowave (Sband)

detection. They had no jamming capabilities and

were only for detection and classificatiéncircular

ready service ammunition locker can be seen be|c

t he

p

/antennas
40/ 50

> original clal i

onning tower

ia§ch bulge
for

s5tub
bne

Ammo locker
and air whistle

the forward gun deck, right next to the twin horns

O

attac
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