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" SUMMARY

~ SHIP AND RELATED TARGETS

(. ) " CHARACTERISTICS OF JAPANESE NAVAL VESSELS - ARTICLE 3
| o | SURFACE WARSHIP HULL DESIGN

This report discusses the procedure and methods employed in the de-
sign of Japanese warships. Specifically, Part I of the report describes the
procedure used to change the requirements of the Japanese General Staff into a
firm ship design. For a proper understanding of this procedure, the organiza-
tion of the Navy Ministry and the Navy Technical Department is given.

' Part II dlscusses the detalled elements of deslign and the methods
used by the Japanese to design these elasments to withstand the service to which

theiy warships were submitted.

Part III gives the characteristies of the latest design classes of
the following types of vessels: battleships, aircraft carriers, cruisers, de-
stroyers, escort vessels, and a Japanese varsion of a landing craft which,in
size, was midway between an LST and LSM.
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‘Japanese Personnel Interrogateds

Rear Admiral A. KATAYAMA - In charge of Fundamental Design, and nominal
head of Detailed Design, Fourth Section, Navy Technical Department.

Captain MAKINO - In charge of Detailed Design, Fourth Section, Navy
Technical Department.

Vice Admiral FUKUDA - Retired head ‘of the Fourth Section, Navy Technical
Department. In charge of thé design of YAMATO class BB's.

Vice Admiral EZAKI - Successor of Vice Admiral FUKUDA.

Rear Admiral YAGASAKI - In charge' of the design of aircraft carriers,
both fundamental and detailei design, Fourth Section, Navy Technical
Department.

Captain INAGAWA - Assistant to Rear Admiral YAGASAKI.

Captain 0ZONO - In charge of the design of heavy and light cruisers,
both fundamental and detailed design. In charge of the design of
'0YODO. His background on other cruilser designs was good.

Captain MAKINO - In charge of destroyer design. Had prepared the funda-
mental and detalled designs for ASASHIO and KAGERO classes.

Commander TOYAMA - Assistant to Captain MAKINO. Had prepared the funda-
mental deslign of TERATSUKI. In charge of the fundamental and
detailed design of escort vessels.

Lt. Commander HANITA - Assistant to Commander TOYAMA. 1In charge of the
fundamental and detailed design of SB type landing craft, and in
addition, was present incumbent of underwater protection desk in
Fourth Section, Navy Technical Department.

Captain DATE - In charge of the design of turret revolving structures;
attached to the First Section, Navy Technical Department.

Rear Admiral SASAGAWA - Japanese lavy's expert on armor and steel and
head of the Material Section, Navy Technical Department.

Dr. David IINO -~ Professor of English gt the Japanese Naval Academy at
KURE at the time of the Japamese surrender; of great assistance in
interpreting, translating and in providing connections with the
Japanese on field trips to MAIZURU and KURE.

Naval Personnel Who Assisted in Cbllecting Documents:
Commander N. Sonenshein, USN (YOKNSUKA)

Commander V. R. Hayes, USN (KURE):

Commander R. H. Hedgecock, USN (SASEBO)

Additional information was obtained frmm inspections of operational and ‘
damaged ships in various ports in Japan.
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INTRODUCTION

This report is intended to cover Japanese naval design procedures
and methods that have been used in the design of curface warships. As the
first step in the design-of a waxrshilp requires coordination between the various
units of a navy department, the crganization of the Japanese Navy Ministry and
the Naval General Staff, as well as the line of command for these units, is
outlined to provide a better understanding of the preliminary stegs employed in
the process of design. o

, This report is not a report on the characteristics of all Japanese
naval vessels, but rather a discussion of desigm procedures used by the Japa-
nese naval designers. As design procedure changes with a knowledge of the art,
the methods and ships chosen for discussion are those that will provide an in-
sight into the latest Japanese design methods, and a discussion of those
methods as they affect the latest designs produced by the Japanese. Ko
attempt has been made to investigate earlier designs as all improvements are
believed to have been included in the latest ships. 1In this regard, it may be
stated that except in a few instances, the latest ships of a type were logical

. extensions of previous designs. The 1nfluence of previous design classes was
strong in Japanese vessels\

\

. The information contained in this report has been obtained by inter-
rogation of the personnel actually charged with the prosecution of the various
designs; that is, the technical personnel of the Navy Technical Department, a
study of such plans, data, etc. as were available, and inspections of the re-
maining ships of the various classes. Documentation of data given from memory
by the technical personnel is no® complete. However, where a check was
possible, such data have proved surprisingly accurate. Documentation of all
data was made difficult because 0f the following three reasons:

1. The inherent Japanese secrecy with the resulting limited
dissemination of design datae.

2. The destruction causedﬂby Allied bombings. (The Navy Technical
Depart?ent was burned, along with its mass of data, in the fire raids on
TOKYO ° ) .

3. The burning of many Japanese documents that was ordered when it
became_evident that the home islands would be invaded. ’

(

In spite of these difficulties, the documentation that has been possible 1is
sufficient to provide assurance that the unsupported information given is
reasonably correct. [ ]
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THE REPORT

. PART I
DESIGN PROCEDURE

A. Organization of the Japanese Navy Ministry

1. The‘organization of theiline of command of the Japanese Navy Hin-
istry was as indicated below: ’ )

EMPEROR
TITULAR HEAD &
COMMANDER-IN-CHIEF

GENERAL STAFF
ARMY
{ SAaMBOHOMBU)

[WAR MINISTRY|

GENERAL STAFF
NAVY
{GUNREIBU)

NAVAL MINISTER
- (CABINET MEMBER)

|
I } i . I
SUPPLY| [MEDICINE - [JUDGE ADVOCATE | |[ NAVY TECH.
‘ ‘ , DEPARTMENT
(KANSEIHOMBU)

[NAVAL AFFAIRS| [TRAINING| [FINANCE & AUDIT|

Y et BREE N R - ARt B A R G T
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The functions of the different divisions of the Navy Ministry were:

a. General Staff (Navy) .

To dictate military chargcteristics of ships, and to decide the
strategic policies which govern the naval establishment,

be Naval Affairs f

In essence, a liaison between the General Staff and the remaining
divisions of the Navy Ministry, with subsidiary functions similar
to those of the General Staff. .

c.  Supply
To £ill the logistic requirements of the fleet.
d. Medicine

To £il1l mediCal needs of the {leet.

€. | Training

To care for the training of personnel te man the naval establish-
ment and the administration of such personnel.

f. Judge Advocate

Administration of naval law.

ge Finance and Audit t S

To administer the expenditure& of the naval establishment.

h. 'NaVy Technical Department

To control the deéign, building, and maintenance of all naval ves~
‘sels, : '

i.  Alrcraft Technical Bureau

To control the design, building, and maintenance of all naval air-
eraft. . : :

2. - From this organization it is apparsnt that the organization of the Navy

- Technical Department is of primary importance in understanding Japanese
methods of ‘warship design. It was organized as indicated on the following
page: L ‘
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a
With this organization, all the elements comprising a ship were uader the
control of one head. The sections controlling these elements were given
numbers from one to six. The fourth section, ship construction, was
charged with the design of the hull form, arrangements, structure, stabi-
lity, etc., and so had a controlling interest in shaping a design. For
this reason, the breakdown of this division has been included in the or-
ganization chart of the Navy Techrilcal Department.

=3 Tre organization as to ship types was vertical, both in the funda-

_ mental and detailed design stages. A certain amount of leavening of ideas
from one type to another was accomplished thirough the heads of these two
design sections, and also by an overlapping of personnel from one type
and one section to another. The drafting rooms, however, were distinct
entities, and so the practice from type to type varled somewhat due to
the personalities of the drafting forces employed. In regard to the or-

" ganization of types within the two design sections, the vertical organ-
ization approximated that employed by the British Admiralty, and the U.S.
Navy Bureau of Ships, after the ccntract plans, from which the working
plans are developed, were completed. There was no counterpart for the
technical sections included in the organization of the U.S. Navy Bureau
of Ships in the Fourth Section of ihe Japanese Navy Technical Department,
but some of the other sections of 'that department performed a horizontal
function of providing similar design principles in the different types of
ships for similar systems and units.

Fundamental (Preliminary) Design Procedure

‘ , .
1. To start a new design, of an' ekisting type, or of a type not pre-
viously built, ‘the characteristics that determine the size of the ship
were established by the General Staff (Gunreibu). These characteristics,
such as armament, speed, protection, and cruising radius, were transmit-
ted to the Navy Ministry, Naval A#fairs Division, to determine the gener-
al features of the ship, such as her dimensions, displacement, and
general arrangement. The Naval Affairs Division referred the matter to

" the Navy Technical Department. The Fourth Section of that Department
made a preliminary -study to deteriiine the range of dimensions, general
arrangement, and displacement of the ship, This information was sent
back through the same channels to the General Staff.

.2, At this point, the technical answers to such questions as slze,
building period, desirable changes, etc., were discussed between members
of the Naval Affairs Division and %he Second Division of the General
Staff. Changes that were desired were resubmitted by the General Staff
to the Navy Ministry and the whol@ process was repeated.

3. When a firm design had finaliy been developed, the Vice Chief of the
General Staff met with the Vice Minister of the Navy, at which time they
reviewed the design, either to approve it or to request further minor
changes,

4. The final step was the meeting of the Navy Minister and the Chief of
the General Staff. At these meetings the design was approved. Upon ap=-
proval of the design, the Navy Minister issued an order to the Navy Tech-
nical Department to build a certzin number of ships to the design chosen,

specific building periods were established and the building process
started. ) :

© 5 At this point, the development of the design was transferred from
the fundamental design section to the detailed design section, and plans
prepared and forwarded to the building yards for the preparation of work-
ing plans. The detailed design cection controlled the design through the

~ commandants of havy yards or inspectors at shipyards owned by private
concerns.

10
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6. From this point on the design proceeded to its completion, any major
changes being handled by the Nawvy Technical Department in conjunction
with the Naval Affairs Division of the Navy Ministry.
7.  The General Staff had for its assistance in preparing ship character-
istics an advanced technicaL council. This council was composed of the
following memberss |
. Vice Chief of the General Staff

Vice Minister of the Navy

Chief of the First Division of the General Staff

Chief of the Second Diﬁision of the General Staff

Chief of the Naval Affairs Division of the Navy Ministry

Chief of the Training Division of the Navy Ministry

Chieif of the Navy Techﬁical Department of the Navy Ministry

Head of the Fourth Bection of the Navy Technical Department

_ President of the Naval Staff College in TOKYO

One or two naval construc®ors of wlde experience

A few other members of  lesser importance.
This council provided assistance to the General Staff in studies dealing
with ships' characteristics and overall strategy. The council was con-

_ sulted as desired by the Chief of the General Staff.

. " PART II
_ GENERAL DESIGN PRACTICES

Géneral

1. The Japanese design methods and practices were generally similar to
those employed by other maritime nations. They followed the outline of
theoretical naval architecture much as it is taught in Great Britain and
France, since it was in these countries that the Japanese naval archi-
tects recelved their advaneced training. There were few instances of
startling originality. The various classes and types of vessels were
largely logical steps from similar ships previously built.

2. The lack of attention to fundamental details of design, or rather
the lack of a search for the proper manner of accomplishing seemingly
small details left "holidays" that may have invited trouble from war
damgge, and undoubtedly contributed to the sinking of some of the major
Japanese ships. The Japanese did not develop sufficient test data to
analyze properly such puzzllng detail problems.

3. On the other hand, the_audacity with which the Japanese attacked
problems such as the run of uptakes in aircraft carriers, the employment
of sloping armor and the use of armor in torpedv protection systems in-
dicates no lack of originallty.

4, The Japanese were hampered by some seemingly small problems such as
the choice of a system of units. In the 1930's, they used a combination
of English and metric units, The final practice was to employ metric
units entirely, but they finished their longitudinal strength calcula-

11
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tions with the anomaly of convertiﬁg a stress in kilograms per square
centimeter into tons per square inchl

5., There was a great paucity of liasic design information that could
not be built up without years of research and background of experlencs.
The Japanese must have felt the necd for such information keenly, for
much of their design data was culled from foreign publications.

6. Enclosure (284), a two volume:text book, was written for the use of
students of the Tokyo Imperial University who aspired to the vocation of
naval architect. It is included in this report, as it provides an in-
sight into the methods taught the young Japanese designers, and reflects
the latest design methods that werd¢ in use in the Japanese Navy shortly
before and during the war. ,

Materials

1. The steel used in Japanese Ship construction for structural as well
as protective purposes had the foliowing chemical and physical proper-
ties: .
STRUCTURAL STEEL - CHEMICAL PRCPERTIES
{Quantities are!in perccentages)

c P S s1 Cr Cu i Mn

: "} kmpuritsy '

: ] Lrace to
0.25-0.30 | <0.05|<0.05{<0.2 | .02 &as 0,2* 0-0.2 1.2-1.6
. : impurity
0.35 ] <0.05]<0.051<0.2 trace as trace as|0-0.2as 0.8-1.2
: . ) impurity | impurity |impurity
0.40 | <0.05| ©.05]<0.2 trade as trace as|0-0,2as 0.8-1.2
' impurity | impurity|impurity -

*  This copper content resulted Zrom a copper in the scrap used
and was not intentionally added to the steel. .

STRUCTURAL STEEL - PHYSICAL PROPERITES

Tensile " Yield Elongation
Strength ' Point in 8n»

Psi ¢ Psi

| MS 58,000-71,000 | Abt. 39,800 184
DS | 85,200-94,000 | Abt. 57,000 | Under z"-20%
Over z"-IB%

HTS | 179, 000-83 000 Abt, 53,000 184

2. Structural gteel was made by the basic open hearth process. Poor

gerap accounts for some of the copper content of these steels. An addi-

tional reason for the copper content of the finished steel was the copper
.- contained in the Chinese iron ore that was used in steel manufacturing.

1
H
‘i
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'3, - Steel used for protective plating had the following ¢hemical and
physical properties:

. PROTECTIVE PLATING CHEMICAL PROPEZRTIES
L C -P S tu Mo Ni Cr Mn
“0,37‘0.38 <D.035 | <0.4 0.725 as| 0,25=0,40 ] 3.3~3.8 | 3.3=3.8] 0.3=0.45

- impurity
0.38-0,46 | P.035 | <0.03 - 0.9~1.3 o 2.5-3.0 | 0,8-1.3[ 0.3-0.%45

0,36=0.41 | <P,035| ©,045%] 0,610 | 0.1 ~0.25| 1.8-2.3 | 1lch-1.8| 0.3-0.45

0,36-0.44 | €0.035 [ <0.045%| 0,6=1,0 | 0.1~ 0,25 | 1.3-1.8 | 1.4-1.8| 0.3-0.45

# The high sulphur cortent of this steel vas due to bad scrap.
PROTECTIVE PLATING = PHYSICAL PROPERTIES

- TPensile ‘ Elastic | Elongation| % Reduction
Strength Limit . in 50 mm in Aree

Psi ? Psi

|Over. 7v1 103,000+10% >57,000 | = >28% >40% 35
M ﬁndfér 781 120,000 £6% | >71,000 > 207, S407 ;8
N ~7120,000 £ 6% | 585,000 >19% 7 535

CNOL .. |114,000-128,000 | 585,000 | >19% %3
NG, -~ |114,000-128,000 | >85,000 S197% 50

4, The protective plating described above was used in the following
thickneSS‘

MN’C.:t---.-uu‘-a‘ncoo.c 180‘75mm(7'-'1‘2'-'95)
CNC.‘.--.“: te o Cce SR OSSN 75‘50mm(2'-'95"1'-'97)
° CNCloo-o‘o tes t@00 e 50-25mm(l='97-0'.'97)
CNCo..eeevsese. Under 25mm(under 0O¥97)

"5+ These protective plating steels were substitutes developed by the
-Japanese to replace homogensous armor formerly made to a Vickers formula
but ‘changed in copper, chromium and nickel content for material conser-

- vation. ' Copper replaced th@ nickel in the MNC steel, and chromium as
‘well in the CNC series, ,

64 Ballistic tests at KAMLGAKUBI were said to have proved the superior-
ity of MNC over homogeneous Vickers steel, the superiority being of the
order of 10-15%. The degree of protection desired in the CNC series was

- obtalned primarily by varyiag the chrominum and nickel content, reducing
1t for the thinner plating."

7+ This plating was all tgsted ag rather high angles of obliquity, the
range of obliquity being 55

"8.' -Thin»homogeneous armor ‘was attached to Japanese vessels by riveting.
" Heavwy armor was attached by armor bolts, or quilting bolts depending on

whether the armor was horizontal or ver%ical. Armor bolts were provided
.. for each two square feet of armor area.

9. Heavy wvertical and horizontal armor was made to work as a unit in
protectling the ship by a tongue and groove system of connections. The
center of the tongue and :groove was located in the geometric center of
thickness of the armor plate. Portland cement and wood were used for

il
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armor backing. Cement has been used for crusiers, while wood was used
for YAMATO. : ! _

10. Armor tolerances were apparently not specified except in the detail-
ed instructions given in the case of each class of ship built requiring
armor. Rear Admiral~SASAGAWA‘statéd that the thickness tolerances were
+0 and -1% by weight. Allowances in curvature for curved armor were not
stated explicitly, but were said to be large.

Production Methods L

1. The Japanese employed riveting as their essential method of ship .
fabrication. All longitudinal strength members were riveted - longlitu-
_dinals in inner bottom, shell plating, connectlons of frames and bulk-
heads to shell streng%h deck plating, side stringers, etc. The rivet
spacings and diameters were much the same as used by %he U.S. Navy, and
they changed from MS rivets in M5 plating to DS rivets in DS, plating.
The joint efficiencies were carefully calculated and a specific plan was
prepared for each class of vessels tc insure that the proper riveting
" standards were maintained. Enclosure (249) is such a plan for the cruis-
er SAKAWA. Tests of riveted joints are described in,Enclosure (248).

2. Welding was never extensively used 1n the fabrication of large Jap-
.anese warships. Where welding has been used, 1t has been applied to M8
principally and to a limited extent to a special steel poorly described
in Enclosure (250) as ST52; a steel of slightly higher strength than ¥S.
A proper DS oﬁﬁ§msvwelding rod had not been developed in Japan.

L AR . !
3., The most daring step taken by ‘the Japanese in regard to the exten-
sion of welding was the use of an all welded pressure hull for submarines
of the I-201 class. : :

4. As long ago as 1933 the Japancse constiructed a minelayer, I ’
fabricated completely by welding.  The ship was apparently success .
However, the next extension of the technique to the fabrication of part
‘of the hull structure of MOGAMI, near her stern, was not successiul.
Cracks appeared on her trials in the welded area, and the technique was
abandoned for large warships. :

5. When the need for many escort vessels became pressing during the
war, the Japanese reverted to welding in the fabrication‘of their K&AIBO-
KANs (BEscort type). These ships were largely bullt by the sub~assembly
‘method, small "blocks" being fabricated in the shops and erected on the
building ways; then connected together by a complete riveted girth butt.
This method o% manufacture produced a number of ships rapidly, and they
had been ‘operating successfully until the end of the war.

6. The chart in Enclosure (250) sndicates that welding in warships was
slowly increasing in quantity, which is reasonable to expect as the know-
ledge of the technique increased. = -

7. Rules for welding inspectors are given in Enclosure (251). The
rules were rigid enough so that, if properly carried out, good welding
should have resulted. It is interssting to note that X-ray lnspection
methods were required for certain welds in the highly stressed portions
of the ship. o

8.  Additional information on the welding technlque as it was developed
in Japan is given in Enclosures (252) through (254).
9. Lack of experience and welding rods capable of more universal gppli-
cation than those that were avallable retarded advancement of the l@iding-
technique in the shipbuilding industry in Japan.




RESTRICTED | ; 5-01-3

Ds  Hull Form

1. One outstanding characteristic of Japanese warships was their high
-length to beam ratio. This ratio varied between 10.3 to 11.6 for most
vessels, the exceptions among the new ships being the CV's TAIHO, with a
L/B ratio of 9.4 and SHINANG, whose L/B ratio was 7.86. The principal
reason for the lavish use of length appears to have been to galn speed
and still maintsin reasonable powers for propelling plants.

2, Along with the exceptional lengths used by the Japanese, another
outstanding characteristic was the low midship sectlon coefficient used.
The shape of the maximum section (usually aft of amidships) may be char-
acterized by deseribing it as one with an extremely slack bilge. The
Japanese used a large bilge .radius in conjunction with a large deadrise,
and. consequently - the midship: section coefficlent had a low value compared
to ‘that used for U.S. Navy ship designs. Captain MAKINO of tne Navy
Technica? Department stated ;that in their designs, the Japanese strove to
attain a midship section coefficient of 0.785, as research at their model
basin had indicated such a value to be the opéimum. This value was never
achieved in their designs because of practical considerations; however,
the tendency of the Japanese was toward low midship section coefficlents.

3. . Because of the slack midship sections used by the Japanese, their
beam-draft ratios appear to have been rather small, For thelr older
ships, such as ATAGO, and thpir larger ships, such as YAMATO and SHINANQ,
the beam-draft ratio was greater than 3, but for their other recent ships
the value varied between 2.68 and 2,9.

4, The Japanese used a curve for their original cholice of the prismatic

- or' longitudinal coefficient for a new design. The curve has the general
shape indicated below: B '

Aﬂﬂ
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‘The longitudinalAcoefficients used by the'Japanese were generally‘low for
the speed-length ratio of their ships at designed speed.

5« The waterline coefficients used for Japanese ships were very close
" to:0.79, varying a. little either side of this value.
6. Japanese'designers have stated that for high speed ships, and most
of thelr combstant ships were vessels of this type, they preferred to lo-
cate the center of buoyancy about 5% of the length of the ship aft of
amidshipse If this was theilr aim, they did no% achieve it, for the lo-
cation of the CB varied from 1 to 4.4% of the length of their ships aft
of amidshipss) In their favdr, it should be stated that their later ships
g i ' g
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tended toward the iarger figure, thbugh none but CV KATSURAGI actually
reached this value. For most vessels, the value varied between 3.1 and
3.8% of the length of the ship aft of amidships.

7. Of all the peculiarities of Japanese vessels the most noticeable one
is the sheer line adopted. When questioned as to the reason for adopting
_such a peculiar sheer line, the answer was certainly utilitarian. The
freeboard at the bow was determined by conslderation of seaworthiness.
Freeboard amidships was determined by consideration of the range of stabi-
1ity. Freeboard at the stern was rade as 1little as appeared possible.
The gun positions required a certain depth of ship. After all these
points had been determined, they were connected with straight or slightly
curved ;lines, such methods resulting in the sharply rising fore-castle
deck, the straight run between extreme gun positions and the downward
slope of the main deck from the afier gun position to the stern. An ad-
~ ditional reason for the downward slope of the main deck aft was given as
being to save structural hull weight without actually notching the ship's
girder by dropping the main deck one level to the freeboard thought re-
" quired at: the stern. ;

8. Another peculiarity of Japanese warship hull form was the manner in
which the forefoot was cut eway. Hecent vessels, for example, TERUTSUKI,
employed a straight, slightly raked stem, with only the lowermost cormner,
at the intersection of the base line and stem, removed. Older ships,
ATAGO for example, have the forefoot largely cut away, thus tending toward
what is sometimes known as a Malerform. .

9. The Japanese, in their later designs have made use of the decrease
in EHP that can be effected by the use of a bulbous bow. A bulbous ram
- bow was used in YAMATO's design, ard was stated to have decreased the
ship's resistance about 5 to %< The use of a bulbous bow had not become
uniform as later ships were built with the forefoot cut away.

10. The deadwood aft was cut away to assist in turning, but primarily to
obtain better propulsion. The length from the after perpendicular tothe
after keel knuckle, the point at which the stern cut up begins, was deter-
mined,by practical factors, such as docking, and this length varied be-
tween the different classes of ships from id to 15%.

11, The Japanese used transem sterns in their cruiser and destroyer de=
signs, but it was not a true transom stern as known to the U.S, Navy.

The water line aft was rounded, and there was no distinet knuckle between
the stern transom plating and %he side plating. The shape of this part

of the vessel made little difference to propulsion as treated by the Japa-
nese for they designed thelr ships with no transom immersion in the trial
condition. Such practice must have caused trouble at displacements great-
er than the trial displacement, for under heavier loadings the transom

- would be immersed, and probably caused increased resistance because of the
above water shape of the stern.

: .
12, The Japanese used Taylor's method of caleulating EHP. They did not
use his standard series hull form in developing their own hull forms,
however, having developed parent forms of their own. From these forms,

~new’ship lines were developed.

13. After the Ship's iines drawihgs were completed, they were sent to
the model basin located at Meguro-ku, TOKYO to check the EHP calculations
by model testse. ‘

Weight and Weight Classification

1. {'Théfweight classification used by the Japanese in recording the
weights of their warships is giver in Enclosure (256), An interesting
book that was used by the Japanese for rapidly estimating weight in the
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early fundamental design stege is included as Enclosure (257). With the
information contained in it, it was possible to make a rapid and reason-
able estimate that would indicate the displacement range that mnight be
expected for a new design. Enclosure (257%) shows a comparison of cal-
culated versus actual wights for several destroyers.

2., The Japanese designed their ships to make their required speed at
trial displacement. Trial displacement was defined as full load displace-
ment less 1/3 of the full 1lvad fuel oil, water (both potable and reserve
feed) and provisions. i

"3,  The.salculestion of stajdard displacement in accordance with the
terma of the Washington Treaty, although not completely discontinued, was
not religiously carried out for some time before the war. Standard dis-
placements were frequently calculated but were not considered essential
after the abrogation of fhe Washington Treaty. It is interesting to note
that theé design of YAMATO, whose standard displacement was in excess of
60,000 tons, was begun as fgr back as 1934.

. t

4, Weights of many of the iclasses of ships discussed in Paft III are
included among the enclosures under ships' titles.

5. . The Japanese laid considerable emphasis on weight saving but were
never able to achieve the weight saving that acecrues to welded construc-
tion because of a lack of knowledge of the art.

Stability Consideratioms |

1. The stability of Japanése warships was determined from a consider-
ation of the following factors:

a. Metacentric height (GM)
Range of stability
Distance of the center of gravity above the waterline (0G)
Maximum righting}}ever {GZ)
Dynamical stabi{ity
f. 'Period of roll. :

_The beam of the vessel, the controlling form factor in determining the
jinitial stability (GM) of the vessel, and the freeboard, which controls

~ the range of stability, were the principal variables that were changed
until acceptable stability characteristics for a new design were obtain-.
ed. The distance of the center of gravity above the waterline, the max-
imum righting arm, and the dynamical stability are derivatives of the
primary variables and although they were considered, they did not control
the cholce of beam, Tabuleted below are stability characteristics that
were considered acceptable, and those actually achieved by the Japanese
in their later vessels:

oM : Range Period of Roll

Accept. { Actual |Accept. Acoept. | Actusl|Accept. [Actual
Meter Meter | Mater Degree|Seconds [Seconds

2.7 “Le2 16-18 16

2,7 2.5 iL.2 - 16.6

2 2406 | 3e 15.3
i 80 13

1.78 i

1.6 i e 1.7

1.37 | 1. 1.3

1.07 8.9
i . MIN
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" 2¢ All these vwalues are for the trial condition, which was the condi-

- tion on which the design of Japanese vessels was based. The trial condi-
tion is defined in Part II, section E, paragraph 2. GM's were generally
higher than the acceptable 1limit. The Japanese had an additional require-
ment for DD'ss’ that the range of stability be greater than 70° in the
light condition. This requirement grew out of the investigation follow-
ing the loss at sea, by capsizing, ¢f DD TOMOZURU in 1934,

3. 1In general, all or the design requirements were met in Japanese de-
signs except that for period of roll. It is difficult to belleve that
they ever achieved a period of roll as high as ten seconds in any of
their destroyers, yet their designers stated this perlod was considered
a minimam for the type. :

4o The slack midship sections employed in most Japanese ships tended
toward a higher GM, by virtue of ralsing the center of buoyancy, and in
consequence, the transverse metacenter. Of course, a slack bilge radius
tends to raise the ship's center of gravity, but in spite of this fact,
the ratlo of the height of the center of gravity above the base to the
depth of the ship for Japanese vessels was relatively small, being on the
order of 0.92 to 0.62. The only legical explanation for the low value

of this ratio appears to lie in the tvpe of hull construction adopted by
the Japanese., Heavy bottom constraction, in conjunction with an essenti-
ally transversely framed ship, seems! to indicate that this is the reason
for such low values of this ratio; however, a more exhaustive study than
has yet been given this sublect is recessary to prove definitely that
this 1s the case.

" Be The acceptable and actual values of GM were slightly higher than the
values employed in the design of some of our vessels. This may be ac-
counted for because the centeriine bulkheads installed in the machinery
spaces of all vessels of CL types ard larger required considerable ini-
tial stability in order to limit the angle of heel after damage when a
machinery space on one side of the ship was flooded. Extensive flooding
caleculations were carried out to engure that a particular design woald
have acceptable stability. c

6. Some of these calculations are listed below:

a. Large heavily armored vestels (BB's, CV's)s
(1) With all the unprotectied spaces in the ship flooded, the
wyolume of the armored box above the damaged waterline should
still be from 20~25%. of ilie total volume of the armored box.
Under this condition of fliooding, the ship must have positive
. GMe : :

- (2) With all the torpedo brotection spaces on one side of the
ship flooded, as well as Lhe unprotected ends of the ship, she
should bave positive GM and not capsize.

bﬁ' )Lightly armored vessels, without torpedo protectlon (CA's, CL's
DD's): ' I

(1) FPor crusiers, the GM fust be sufficient to permit two ma-
chinery spaces on the sam: side of the centerline machinery
_ space bulkheads to flood without capsizing.

(2) For destroyers, exempiified by the latest design class,
TERUTSUKI, the GM was jus® sufficient to permit flooding the
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spaces clear across the ship (in destroy-

two largest machivery
installed) and still maintain

ers no centerline bulkheads were
. positive stability.
Many more flooding calculations were carried out during the design stage
as. indicated by the plans of the vessels discussed in Part III, but those
outlined above were the prirary determinants of acceptable staﬁility in
the damaged condition. ; . . ’

7. An additional consliderution used in determining acceptable initial
stgbility was the angle of leel during high speed turns. The desired
relationship between GM, KG and the remaining elements affecting the
angle of heel during a turn vas to have been adjusted so that GM was suf-
ficient to limit the angle of heel to no more than 9% guring radical =ma-
neuvers, which, of course, included high speed turns. .
8. The range of stability:for Japanese warships was high, particularly
 go for their aircraft carrierse In the case of CV's, the range of stabll-
ity was determined by considering the hanger side plating as watertight
in the calculation of the ci*oss curves of stability. The fact that water
could enter the uptake and hoiler air Intake openings, should the vessel
heel to starboard, was ignored. The typically Japanese aircraft carrier
uptakes, that is, uptakes that curved dowrward after plercing the skin of
the ship close under the flight deck, were changed between the design of
URRYU class and TAIHO. One reason for chapnging was to elimingte the pos-
sibility of flooding the machinery spaces through the uptakes after dam-
sgee The large ranges achleved by the Japanese were partially due to the
parts of their ships considsred watertight when making the calculations
for cross curves of stability. Insefar as the assumptions made were real-
‘istic, the range figures were accurate, but the assumptions mmst be more
rigidiy checked than has yet been possible before the accuracy of the
ranges shown can be definitzly established.’

St:ueture‘
1.

o

Longitudinal Bending Calculations

a. Acceptable stresses for design purposes allowed by the Japanese
in their vessels were based primarily on the use of the relatively
high strength DS steel. Because of the extensive use of this mater-
ial, higher stresses were allowed than would have been the case had
¥S ﬂeeu used. Acceptable design stresses, as well as those calcu-
13t§d1for the full load condition of Japanese warships, are tabulat-
ed delow: .

'LONGIfUDINAL BENDING STRESSES

Sagging Condition

Hogging Condition
Acceptable Actual

Acceptable
DT x | »pr KG nc KT nC T

Actual

10 &tpsi
10 tpsi
10 tpsi
10 tpsi
8.5 tpsi

8 tpsi
8 tpsi
8 tpsi
8 tpsi
7 tpsi

L4} tpsi
8 tpsi:
9-’&7 tPSi .
8.5 tpsi
8.2 tpsi’

8 tpsi
7 tpsi
7.74 tpsi
756 tpsi
6.95 tpsi

tpsi
tpsi
tpsi
tpsi
6.5 tpsi

9 tpsi
9 tpsi
9 tpsi
9 tpsi

7.75 tpsi
1 tpsi
7.11 tpsi
7.36 tpsi

8 tpsi

5.84 tpsi

8.5 ¢&psi
8 tpai
7.49 tpsi
8.53 tpsi
6.62 tpsi

Longitudinal strength

* wor thips over 200 meters long.

** For phips under 200 meters long.

date foi several warships are given in Enclosure (261).
i
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To determine acceptable values had MS been used, the values tabulat-
ed above would have been decreased by 20f. When questioned as to the
relatively small effect which the increased tensile strength of DS
had on the critical compressive strength of plating, which value
would be the same for either MS or DS, the Japanese justified their
use of higher stresses, when using DS steel, by stating that in this
case, plating panel sizes were made smaller to accommodate the high-
er compressive stresses. The weight saving that should accrue to
the higher stresses was not krown. It was probably not great be-
cause of the panel stiffening that was added to decrease plating
panel sizes.

' b. Tensile stresses were increased by a factor of 1/6 to account
for the loss in area due to rivet holes..

C. Longitudinal stress calculations were carried out in the clas-
sical manner, by plotting welght and buoyancy curves, from these
deriving a load curve, and integrating the load curve twlce, first
to determine- the sheer curve, and second to determine the bending
moment curve. An integraph was used for the integration, and no
graphical integration methods were employed.

de The wave used in obtainirg a bouyancy curve was the standard
L/20 trochoidal wave. Small destroyers wers also placed on a wave
whose height was . 1/10 of its length. In addition to making a longi-
tudinal-strength calculation for the ship in the upright position
one was also made for all ships heeled over to a 30° angle. Besides
these two calculations, a calculation was made for destroyers only,
heeled over to 90°. Because of these extensive calculations no
strength studies were made under special loading conditions.

e. Three longitudinal strength calculations were made, one as soon
as welght and form data were svailable in the early fundamental de-
sign stage, a first approximation of the final result. In this cal-
culation, welght was distributed over the length of the ship using
parabolae and trapezoids toc represent the ship's welght. A second
calculation was made near the finish of the fundamental design, and
a third when the vessel had reached the detailed design stage. 1In
the last «calculation, estimated weights were available from which
the ship's weight curve could be developed in as great a detall as
was considered necessary. When 1t was asked what interval of length
along the ship was used for distributing welight, the answer was the
distance between bulkheads. Easily located weights, such as bulk-
heads, turrets or gun mounts, were definitely located without any
general distribution. . B

|
1

f. In calculating the inertiﬁ of the various secdtions of the ship
the longitudinal material considered effective was that connected
to shell plating% deck plating, or other longitudinal materlal, and

which extended at least 12 meters in a longitudinal direction. The
materlal not considered effective in the vicinity of large shell or
strength deck openings was that material inside & llne making an
angle of 30°Awith the longitudinal centerline of the vessel and
tangent to the edge of the opening. Stress concentration factors as
determined by the Japanese and' what was considered the most practi-
. cable way of applying reinforcing doublers are shown in Enclosure
(248), The part of the ship for which compensation for hull open-
ings is required is shown on Enclosure (262)., It should be noted,
in this instance, that the flight deck is not a strength deck in
KATSURAGI design. As stated previously, the Japanese did not weld
to the longitudinal strength members of their ships. Enclosure
(267) 1ndicates where welding was and was not acceptable for Japan-
ese warships. |
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. o
Framing Systems ‘ |

ae Japanese warships were all essentlally transversely framed.
They used longitudinal members, however, in the inner bottom, under
decks, and on shell plating ebove the inner bottom. The Japanese
stated that the side stringers applied to shell plating were used as
"panel breakers" to reduce the size of the shell plating panels,
Their side stringers were much too large for this purpose and had
the definite appearance and continuity of longitudinal strength mem-

bers. The use of both,a transverse and longitudinal system of fram=-

ing appears to be a lavish use of hull weight,

b. Frame spacing was varied in different parts of Japanese war-
ships.- Forward and aft, in some cases of the machinery spaces, and
in others of the armored box, the frame spacing was smaller than
that used amidships.

Shell Plating

a. The thickness of the shell plating of Japanese warships was
determined by the requiirements of longitudinal strength. The thick-
ness and panel size necessary to support the hydrostatic head to
which the bocttom plating was subjected, was checked, but was usually
found to be .satisfactory.

be Almost all large Japanese warships had their flat keel fitted
in two strakes.  In KATSURAGI, the bottom out to Longitudinal Rumber
4 was doubled 25mm DS plating. This thickness of plating is large
for a vessel of the displacement of KATSURAGI.

c¢. The midship section of ATAGO, a relatively old cruiser, shows
no plating behind the side armor, thus requiring that the armor be
used in the longitudinsl strength of the vessel. During her mecdern=-
ization, a blister was fitted, and some plating was carrlied outside

"of the armor. There were no serious complaints of structural

strength of ships of this classj; however, the connectlon to make

- armor plate effective in longitudinal strength was a difficult one.

The design of this connection is described in Part II, section L,
paragraph C of this report.

de The calculatilon oﬁ eritical compressive strength of plating

- panels in. the shell plegting, inner bottom plating and for longitu-

dinals was done according to the theory developed by Timoshenko.
Discussion with the Japanese did not bring the method of calculation
nor the factor of safeity against buckling, clearly to an issue, and
for this reason, it is doubted that much attention was paid to buck-
ling stresses. Answers were evasive, and simple statements that
shell plating and longitudinals were checked for buckling were made.
There appeared to be no definite policy that determined what factor
of safety a member should have in compression so long as that factor

was at least onee. /!

Inner Bottom Plating |

a.  The thickness of fhe inner bottom plating was determined by
considerations of longitudinal strength in the same manner as the
thickness of the shell'plating was determined. Test heads required
for tanks located in tlie inner bottom were stated never to have been
a controlling factor in the choice of thickness for this plating.

Longitudinal and Trans%erse Framing




RESTRICTED"

- as  The longitudinal framing provided in the inner bottom, and as
side stringers and deck girders were not considered by the Japanese
to provide a longitudinally framed vessel. The longitudinals have
the appearance of those used in the.construction of ships of the U.S.
Navy about 1920, The use of riveting entirely for the construction
of such members forded the Japanese to a necessarily heavy system of
.angles to connect the longitudinals to the shell and inner bottom
plating and floors., ‘?

. i
be Late in 1936 the Japanese had an experience similar to the
U.S.S. PITTSBURGH (CA 72) inciilent, except that in their case the :
type of ship was a destroyer. :One of FUBUKI class lost her bow back
to about the bridge structure Iln a typhoon, but did not founder. As
a result, the Japanese were subsequently careful to marry the system
of transverse and longitudinali{framing in the forward part of the
ship to make sure ,there were n: large discontinuities in longitudinal
strength. i

Ce The scantlings of transverse frames were determined by known
loads and the beam theory and by comparison with previous successful
ships, or by Judgement and experience. Transverse strength calcul-
ations were not generally made, although infrequently such calcula-
tions were conducted. They were not satisfactory, however, for the
determination of scantlings, for stresses beyend the yield point of
the material used were obtained.

d. Transverse frames were filited on every frame. They were usual-
ly two bars, although in some instances, requiring special consider-
ation, such as the transverses in way of turrets, under the forward -
superstructure, etec., they wer¢ built up sections, made by riveting.

e. It is interesting to note/in.the midship sections of the vari-

ous warships the arched transvierses between longitudinals, Osten-

. slbly, the reason for using such a transverse was first to fix its
ends, and second to provide the necessary plating to accommodate the

© required rivets.

f. The Japanese have used 1little, if any, theory in the calcula-
tion of their bow and stern friming. It was developed by Judgement,
and the experience of previous successful ships. The framing in way
of the stern keel knuckle, although known to absorb severe docking
stresses on occasion, was not calculated for this conditicn. The
record of previous sueccessful ships was used in the determination of
this framing also. i

Deck Plating R ) .
8o A search of the ship constructlion activities in Japan unearthec
but few deck plating plans. Those that were available showed such
small portions of the decks, ard were in such detail that they were
considered useless for general study. Interrogations of Japanese
designers did, however, uncover the following facts concerning their
methods of designing deck platﬂpg and its supporting structure.

b. The Japanese had no specified local deck loads which a particu-
lar deck might be called upon: to support. For example, the main
deck amidships was not required to withstand any local loads in addi-
- tion to the stress imposed upon it by longitudinal bending. Forward,
on the weather deck, it was reésalized that a rather severe waterhead
might be imposed, but lnstead o¢f attempting to set up a reasonable
standard, the Japanese designed such structure by comparison with
other ships. !

1
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. Ce The calculation of: the strength of decks that might be subiect-
ed to gun blast pressure was done by using gun blast pressure date
taken from curves developed by the Japanese naval proving ground.
There were several pressures measured, and contour curves drawn, and
from these deck loads could be estimated.

de Storeroom deck loailngs were not standardized, and in case
there was doubt about the ability of a deck to withstand the load to
which it might be subjected, a calculation was made based on the as-
sumed stores that would be stowed in the storeroom. ILikewise, stan-
chion loads were calculated in the same manner, making the best estl-
mate of the proable load and designing the stanchion for that load.
S s
‘@o. The Japanese considered that the deck under the weather deck
amidships should be bullt with heavy enough scantlings to provide
some megsure of assistance to the remaining structure, in case of
damage to the main strength deck, to prevent the possibility of the
ship breaking up when retiring from an action. How much actual con-
sideration this feature was glven could not be ascertained, but it
is noted that the deck 'under the weather deck amidships was the
strength deck in both'A?AGo and TONE designs.

f. - The method used by the Japanese to compensate for large open~
ings cut in hull strength members is shown on Enclosure (2 8). 1In
this case, which is an example of a difficult problem, the Japanese
used a conglomeration ¢f doubling, and even tripling, of the plating
around the uptake openings in conjunction with riveted coaming barse.
It is questionable that so much material so disposed could properly
have done the job that was asked of it.

- Bulkheads:

N
as Bulkheads installed in the later ships designed by the Japanese
~were of welded construction. In general, they were shop fabricated,
but riveted to the hull of the ship. The designed heads for main
transverse watertight bulkheads that were installed in TERUISUKI
class DD's were: ¥ :

I b
(1) From and including the forward collision bulkhead to the
bow: 3 meters above the waterline. ’

(2) From the forwafd collision bulkhead to the after magazine
bulkheads 2.4 metep? above the waterline.

(3) From the aftef magazine bulkhead to the stern: 2.6 meters
above the waterline, The waterline here referred to is the
trial waterline, tne Japanese design waterline.

b. Watertight bulkhesds were generally designed with a vertical
stiffener system. Horizontal stiffeners were used in some cases,
in addition to vertical stiffeners. The plating of the bulkheads
was light, and in the case of the light cruiser SAKAWA, did not ap-
pear to be designed toiresist a hydrostatic head between the second

.. and main decks. In this instance the plating was thin and stiffen=-
ers were flat bars instead of "I" beams or tees. ,

-~ Ce Typical bulkhead plans will be found in the plans for
‘KATSURAGI. A plan showing measured deflections for a destroyer
t -ikhead, as well as the test head applied, is contained in Enclo-
sure (26§). i

i
|

Superstructures M

o
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R - U8 There was no set standard:in the Japanese Navy for caleulating
the scantlings of a warship's ‘superstructure framing and plating.
0f all the parties interrogatel, Captain OZONO, in charge of cruiser
. design, was the only one who ;péicated that such things as wind and
rolling forces were important.; On such flimsy evidence, it must be
assumed that superstructures of Japanese warships were designed pri-
.. -marily on the basis of past experience.

b. - - There were no expansion joints fitted in the superstructure of
:Japahese warships, except in tihe rare linstances where the f£light
decks of aircraft carriers werj not designed as the strength decks.
The "Japanese considered that any superstructure which was less than
1/4 the length of the ship would not cause structural difficulty be-
cause -of ship's girder stresses and consequently would not require
“an expansion joint. Another criterion that was stated to have been
used to determine the length of superstructure was as indicated
-belows N .

_— SUPERSTRUGTURE

STRENGTH DECK
s

{

"As”iongAas fhélléngth-indicatéa in this sketech was not exceeded,
(with a fixed superstructure deck height) the superstructure was
considered to be satisfactory without the use of expansion joints.

- €. It is interesting to note that in the design of cruisers of
= both ATAGO and TONE classes, tiie weather deck amidships was con-
structed as a superstructure deck, lightly scantlinged, and still
. did not result in any structural difficulties during the service of
these ships. :ﬁ
. i!
. 'de-. Light metals were not used:!in the design of the superstructures
of recent Japanese warships. Aluminum was used 20 years ago in or-
der to save weight, but corrosion difficulties with this material

. caused-1ts use to be discontinied. , :

9. Masts . i
judgement and experience. No definite eriteria of wind loading or roll
were used in the determination of tﬁe strength of masts.

10. Bilge Keels - : o

. 8e .All Japanese warships were¢ fitted with billge keels. These -
keels were large in comparison/with U.S. standards, being wider tkan
“in Uobe practices Although Japanese designers.stated that the length
of bilge keel usually installed in thelr vessels was between 40 and
50% of the length of the vessel, perusal of avallable plans indi-
cates this value is closer %o 36% of the length of the ship than the
~ figures given.. The width of Japanese bilge keels varied from 1.8m

-+ for large ships to 0.84m for déstroyers.

Masts'ﬁere designed on the same preinise as were superstructures, that is,

be  Bi1ge keels were.assumed éffective‘in the longitudinal bending
calculation and were included as effective material in the calcula-
tion of the moment of inertla of the various sections affected,

Ry
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Ce Bilge keels were located on the bilge diagonal, although on in-
terrogation, the Japanése stated that bilge keels were located in
positions to provide thie least resistance to propulsion at top speed.
Because of the bilge keel's width, they would have interfered with
hauling dry dock blocksi during docking operations, but as the Japa-

.- gese did not use hauling blocks, this interference was of no con-

sequence to them. i .
de The shell connection of the bilge keels was a riveted one, but
no calculations were made to determine the number of rivets neces-
sary to withstand the forces applied to the bilge keel during TOol=
1ling. Experience was relied upon for the design of this connection.
Bulkheads were fitted &t intervals along the length of the bilge
keel, the number of bulkheads depending on the length of the keel.

The bulkhead spacing approximated 100 feet.

€o No f£illing materiﬁl was fitted in bilge keels to exclude water
in the event of leakagi. The interiors were stated to have been
painted with somethingﬂsimilar to bitumastic paint.

f. Calculations of the damping effect of the bilge keels on rol-
'1ing were never carrie¢ out for a specific design. Experiments with'
models with varying siges of bilge keels and their damping effect,
as well as the publishad literature on the subject, formed the back-
ground for the»Japanesﬁ method of designing bilge keels.

N
g« A typical bilge keel is shown on Enclosure (270).

Shaft Struts 1

Ae For the design ofﬁshaft struts, the Japanese used the theory
developed by Mr. Johns/and published some time ago in the Proceed~
ings of the Institute bf Naval Architects, They calculated their
struts to withstand th@ forces imposed on them when one propeller
blade had been lost from the propeller. Under these conditions, the
stress in the strut arms was not to exceed 4 to 5 tons per square
ineh for cast steel stiruts (with which most Japanese ships were
equipped) or 5 to 5.5 tons per square inch for forged steel struts.
(It 1s interesting to note the Japanese acceptance of English units
in this case, oneﬁin wiich a foreign design standard was belng used).

be The Japanese had no standard strut section. They used a stream-
‘lined form for the strut section as soon as it was possible to
- change from the more or less rectangular section with triangular
ends added, which was msed near the intersection of the strut arm
and the shell platinge| For the streamlined form there was no dis-
tinet specification for the maximum width of a strut arm section.
In interrogations, the Japanese stated that the maximum width of the
strut section was 1/9 of its length. The width of the strut arm
shown on Enclosure (271) was 0.184 of the length, or somewhat thin-
neg than that stated by the Japanese to have been their design stand-
arde R it R

 co The Japanese apparently made little effort to place the long
‘dimension of their striit arm sections in lines of flow. They recog=-
nized that this condition was a desirable onez but the longitudinal

axis of the strut section shown on Enclosure (271) was specified to
be parallel to the centerline of the ship. It was stated, however,

" that the whole strut grm, for some classes, had been given a twist
to put it in the lineqzof flow, but the twist given the strut arms
was a uniform one, each section being parallel to all other strut
.arm sections. i I

i
4
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d. . The increased resistance due to the struts was estimated by the
Japanese to be 10% of the bare hull resistance. This figure is
quite high, and parficularly s'0 when it is realized that the Japan~
ese seldom used intermediate strutso They did use small bossings
around the after end of thelr stern tubes, and as fitted om
HARUTSUK1, a TERUTSUKI class destroyer the unfairness of the boss~
ings would appear to have added more’ resistance to propulsion than
an 1ntermed1ate strut. ‘

_!QQQIL

Qe Rudder area for Japanese ahips was determined by taking from
1.8 to 2.2% .0of the area defined by the product of trial waterline
length and trial draft. The lower range was used to determine the
rudder area for large ships while the upper range of values was used
for smaller vessels, such as dﬂstroyers.

(]

b, Rudder forces were ca1<ulated by the classical Joessel method,
the forces so calculated being used to determine rudder scantlings
and the center of pressure and: force toc determine rudder torque.

The Japanese knew that Joessel!s formula was not accurate; but were
forced to use this method for lack of a better one. The worst con-
dition, full astern, was used as the criterion for calculating scant-
lings of the rudder, rudder stock, tiller, etc., while the ahead

. torque was used to determine the power required for the steering

" engines. The specification reijuirement for steering engine powsr

. was that the rudder be capable of being moved from hard over to hard
over in 30 seconds while the ship was going ahead full speed. Ordin-
‘arily no time requirement was %pecified for rudder movement with the
ship going full astern. b
Ce gThe rudder balance used by the Japanese was 33% of the total
area of the rudder. This largé balance was used to reduce the total
rudder torque applied, and henie to reduce the power required from
the steering engines. A balan»e of 33% was caiculated to give a neg-
ative rudder torque out to a 2H° rudder angle at which point the
torque became positive. By this means, it was hoped that the maxi-
mum: positive torque could be reduced. The Japanese found, however,
on full scale trials; that the:point at which the torque changed
from negative to positive was vloser to 30° than 25Y, so they were
continually faced with high negative torques and higher power than
were calculated from their : teering engines.

" de Because of the full scale test results that indicated high neg-
ative torques were being envoumtered, the Japanese design tendency
was toward a reduction in the umount of rudder balance provided.

e. No change in balance was made for a rudder placed directly be-
hind a serew from one located un the ship's centerline not in the -
. propeller slip stream. f
-f+ No standard rudder sections were developed by the Japanese.
The rudder was simply of streamnlined shape. The shape and scant=
lings of the rudders used for KATSURAGI are shown on Enclosure (272)

- and (273). The maximum width of the rudder was determined by the

diameter of the rudder stock.

ge Spade rudders were used because the Japanese thought it was a
lighter installation than what' they termed a semi~-balanced rudder,
or a rudder with a partial skeb before it.




S.01-3

'RESTRICTED

i
i.
i

he All major Japanesé:warships, that is, all vessels included be-
tween the battleship and destroyer types, were equipped with electiro-
hydraulic steering geal's. There were iwo power plants for each
steering unit, whether;that unit comprised two rudders and four

rams, or one rudder and two rams. One exception to this statement
was %he steering gear arrangement provided for YAMATO end TAIHO. In
‘this instance, the twin rudders were.located on the longitudinal
centerline, the after one being twice the area of the forward one.
Both rudders were equipped with complete steering engines, the longi-
tudinal separation being provided to prevent loss of steering con-
trol in the event one or the other of the rudders was shot away.

i. The power plants jirovided were composed of electric motors
driving radial piston liydraulic pumps (Hele-Shaw pumps were usually
used) the hydraulic pwipps being connected to hydraulic rams. In the
ships inspected there were four rams per unlit. The tlller was locat-
ed between the two sety of rams, in some cases being connected to

the rams by sliding blocks, and in others by a piston rod fitted in
the ram piston. o =

Lt
g

Je Transmission of wheel movement from the bridge to the hydraulic
pump was by telemotor.; The telemotor ccntrol was connected to the
hydraulic pump control through a floating lever, to which the follow-,
up gear from the tiller was also attached, throwing the pump off

" stroke when the desired rudder angle was reached.

. i\ ) . .

k. High pressure by-passes were fitted on the rams to function if

- the ram pressures beca?e too high.

1. Emergency control,of the rudders was furnished by a small hand
oil pump. Operating pprsonnel did not consider this means of con-
trol satisfactory. p

m.. In addition to tﬁé emergency hydraulic control, lugs were weld-
‘ed to the tiller to provide a purchase for screw jacks; these provid-
ed a supplemental emergency means of rudder control.

: i

n. The diagrammatic?érrangement of a typical steeriing gear is
~shown on Enclosure (281). _

Turret Structure, Fixed and Rotating

i
Qe The nomenclsture used by the Japanese for parts of their tur-
rets was the same as that used in the U.S. Naval vessels except in
- the followiug particulars:

USN DESIGNATION f IJN DESIGNATION

Shelf plate i ~ Bed plate of gun house
Pan plate i Deck of working chamber
Turret stool ' Ring support

Center column ; Central trunk

Base casting o Central pivot

Gun girder il Trunnion girder

be. The rotating turrat structure for Japanese turrets was poorly
calculated by our standards. Most of the calculations made were in
the form of ‘comparisons with existing successful tufrets; i.e., tur-
rets or gun mounts that had not falled in service. For example, the
turret structure for the 45cm guns of YAMATO was designed by scaling
up the turret structuri’ used in NAGATO and previous battleship gun
mountings for 14 inech guns. Some few calculations may have been
made for gun girders, for in answer to the question whether stresses
or deflections were éh@ governing factor in gun girder design, the

|

|
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answer was that deflections governed. Inspection of ships indicated

generally heavy construction of. the structure of the gun girders,

pan plate and shelf plate of the turret, although the gun shields on

smaller ships such as CL's and DD's were of very light, riveted con-

struction. The turret stools were caléulated in much the same man-

ner as the rotating turret structure, mostly by Jjudgement and com-

parison with previous ships. ! . '
: o -

¢. - No calculations were made for the torsional stresses induced in

the lower roller path by the turret roller flanges when the guns

‘were fired., The detail of the connection of the lower roller path

to the turret stool does not appear to be a very rigid one. The ele-

ments: of this connection are shown below: .

| .—-+LOWER ROLLER PATH

!
N

O
L J

| TURRET STOOL

—

d. -The lower roller path was made from Ni-Cr steel and had a hard-
ness measuréd on the ‘Schore scale of 45. During the war, because of
a scarcity of materials, the hardness was dropped to a value of 40.
No large turrets were made after the outbreak of the war, but there
were no complaints of indented roller paths in smaller turrets, even
though the hardness was reduced. ‘

é. ,The'spécification for ﬁaralielism of the plane of the various

. roller paths with which a ship was-provided was not explicitly stat-

ed. Parallelism of from two to three minutes between the roller
paths of the guns installed and their controlling directors was re-
quired on inspection, however. - The Japanese stated they had en-
countered trouble in meeting this requirement because of temperature
differentials throughout the ship,

f. ~'The allowed tolerance forjroundness of roller paths was stated

to be about 2 to 3mm difference between the major and minor axes for
20.3cm guns. There appeared to be few general specification requirc
ments' for such measurements; they were developed for each design as

the design developed. g

g. -There was no specification requirement for planeness of the

. roller path. The weight of the rotating parts and the elasticity of
~ the supporting structure were supposed to take care of such "out of
planeness"” as might occur.

h, 7Tufret rollers used by the Japanese were much the same as those
used ‘in the U,S. Navy. The rollers were spaced by a ¢age, were con-
ical, and were flanged to take the reaction of firing the guns. The

il
I
i
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. of inspection, and as long as a majority of the rollers were in con-
‘tact, the Jjob was considered satisfactorye.
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rollers were made from Ni-Cr steel, and were heat-treated as a unit

no effort being made to surface harden either the barrel of the roll-
ers or the flanges. After heat treatment the hardness of the roller :
was 45 on the Schore scale. : L

i, - The rollers were evenly spaced in the roller retaining ring,
but there were no complaints from the operating forces regarding the
indentation of roller paths except from small caliber, high-angle
guns, 12.7cm and belowe. The damage in these cases was considered to
have been caused by the heavy downward forces exerted by the guns on
the roller paths when the guns were firing at high angles of eleva-
tion.

jo - The roller clearance, flange to track, was stated to have been
0.5mm for a 20.3cm gun. This clearance was proportionately increas-

‘ed for a 45cm gun. The diameter tolerance for turret rollers was O

to -0.05mm. The roller flanges were eased off about 1° as indicated
in the sketch below: ’ .

j. s}

k.. Although interrogation did not reveal that the Japanese had
ever had any trouble with galling of turret roller flanges or tracks,
easing off of the roller flanges may have been required by such a
casualty. On the other hand, the turret train rates were so slow
that it is question:dble whether such galling would occur.

i RS ‘Theré was no specification requirement that a certain number of

rollers should be in contact with the upper and lower roller path
simultaneously. Apparently no trouble had been encountered on this
score, for the question of number of rollers in contact was a matter

‘Me The Japanese used two training pinions in most of their turrets.

These pinions wers located forward of the athwartship diameter of
the turret. The turret training rack and pinion teeth were of in-
volute shape, designed with a 149 involute angle. The contact ratio
between the pinion and rack apparently meant little to the Japanese
designers, for they had not calculated it. They stated that 2.5 pin-
jon teeth were always in contact with the rack. Such a condition
was supposed to be a design condition, but trouble was encountered
in some cruisers of ATAGO and TONE classes with sllvers being cut
g{f the pinion teeth during the "run in" period befcre the guns were
red. ‘ -

n. The speed of train provided for Japanese turrets was relatively
low; some values of training speeds:
)
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“45 cm gun turr;ts 2°’,per second
_20.3cm gun turrets - 4° per second

220.3em'gun'£urrets per second
12,7em gun mounts 16° per second

TERUTSUKI '
‘ . 10 em gun mounts - 12° per second

S Positive stops 1n the form of turret buffers were provided in
, the design of gun mounts and turrets. Those provided for destroyer

(12.7cm and 10em) mounts were located on the deck outside the mount.

- ‘Although the mount train ratesiwere relatively low, the flimsy sup-~
‘portprovided for such buffers raises a question of their adequacy.

The . buffers were never tested during the building period, and so the

:*adequacy of their design was never checked. . The buffers were design-
~ed to work at the 1ow operating pressure of ‘3500 pounds per square

incho o

j‘p.b Flame seals between. the turret rotating structure and the handl-

- ing rooms ‘below were not fitted. Rotating pewder:"uttles provided
- a flame seal between the lower turret handling room and the powder
“-magazines. An overlap of lmm and a clearance of lmm was stated by

:the Japanese to provide what they considered an adequate flame seal.

.'r.A fThegweather seal provided for Japanese turrets and gun mounts
. .was a relatively simple one..  The elements of it are sketched on the
- next page:

The -powder and, shell hoists in' the Japanese turrets were provided

Lo withy flame-tight doors both at the upper.and lower ends, so it would
‘" “'have.been difficult, ‘short of leaving access hatches open, for flame

to travel from ‘the gun chamber to the 1ewer handling room.

: .q. ; Holding-down clips for the large turrets installed in Japanese
_ships were located as follOWS’ :

4 clips}in the forward sector
clips, one at each side

clips in ‘the after sector

NAGATO: - K .
o "",3*c11ps in the forward sector
&4 clips, two at each side
o2 clips in the after sector

4 clips in the forward sector
2 clipsy one at each side’
-2 clips in'the after sector

i

{;
i
l
i
1
l
I
I
i
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t /REVOLVING STRUCTURE

3 ‘ ] ‘
’ BAND TO rlow/"i — .
LEATHER AGAINST BEARING SURFACE I

BEARING SURFACE BARBETTE OR FIXED

| STRUCTURE
* LEATHER

A turnbuckle arrangement was provided to hold the leather washer
tightly against the bearing surface. Grease was used to keep the
leather pliable. I

'Ho Arrangements

1. The arrangement of the interior of Japanese warships followed neces=-
sarily the conventions of other navies because such an arrangement 1s
dictated by the battery and machinery locations within the ship. The
height allowed between decks, however, was low. The designers' criterion
for an adequate deck hefght was stated to be between 1.9 and 2.3 meters,
or plating to plating deck heights of from 6.21 feet to 7.4 feet. The
higher value of these two figures might have provided adequate clear head :
room, but éven this is questionable, for ventilation ducts seldom pierced =
the structure provided under the decks. Head room of five feet or slight- L
1y less was not uncommon in passageways.

26 The Japanese nomenclature for decks differed from that in the U.S.
~Navy as indicated belows ;

USN DESIGNATION ' ’ IJN DESIGNATION

;v BT Main deck } Upper or uppermost deck
Second deck e Upper or middle deck
Third deck . : Middle or lower deck
1st platform deck ! 1st stores deck
) 2nd platform deck - L 2nd stores deck
- For CV's ‘
» Gallery deck . AA machine gun deck-:

The readon for two designations opposite each of the USN decks is that in
a ship containing three cohtinous decks, the deck corresponding to the

. ,USN main deck would have been called the upper deck, and in a ship con-

.~ taining four continuous decks, the deck corresponding to the USN main
deck would have been called the upermost deck. In older designs the Jap-
anese had no compunction about maintaining continuous decks at any given
figure above the base line of the ship. The height of decks was varied
to suit the particular problem involved. This change in deck height to
suit convenience can be noted in the arrangement plans for both ATAGO and
SAKAWA. )

|

3. Eérlief Japahese cruisers were marked by the peculiar shape of their
smoke pipes. ~This shape was partlally caused by the location of the
bridge with respect to the boiler rooms. The machinery spaces for later S
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Japanese cruisers required from 33.5 to 35.4% of the length of the ship
to accommodate the machlinery. These cruisers were designed with the pre=-
ponderance of their main battery forward, a factor that caused the bridge
structure to be located over the forward boiler rooms. To get the boiler

. stack gases out of the ship, the Japanese ran their uptakes into the base
of the mast structure. From here, the forward uptakes swept up and aft,
Jjoining the uptakes from the after boiler rooms in one large stack, with
an additional smoke pipe aft of the large one in the case of ATAGO.

4, Access in Japshese vessels was poor. Hatches were small, ladders
were narrow and steep, and no apparent system of access could be deter-
mined during the inspection of Japanese vessels. Doors in watertight
bulkheads were not located with a vliew to easy and rapid access to any
part of the vessel.

5« The hatches were "D" shaped, and were generally made as small as
practicable. There wére, of course, exceptions to this general type of
access, showing in some instances that rapid access must have been con~-
sidered. Where the "D" shaped hatches were used the ladder from the deck
below was attached to the straight edge of the "D", The radius at the
‘corners formed by the intersection of the stralght vertical part of the
"D" and its sides was small. Thus, if the reason for using such shaped
hatches was to eliminate the stress concentrations associated with small
radius hatch corners, the aim was not achieved.

6. Hatches in the deck next above the waterline were provided with very
high coamings. In KATSURAGI these coamings were approximately 40 inches
high. Such high coamings made access through these hatches difficult.

7« The ladders in the main access hatches were generally quite steep.

. These ladders had various angles of slope, as there was apparently no
specification requirement covering the slope of ladders, convenience of
location being the controlling factor. Ladders were constructed of steel,
using corrugated steel plates for -the treads. ‘

- 8. Watertight bulkhead doors were nearly rectangular, with only 2 small
.corner radius being used, . The doors were of light construction and were
secured with small dogs. The general appearance of the watertight doors
was one of light construction, so light that their adequacy to keep the
bulkhead tight appeared at issue. , The doors must have been reasonably
satisfactory, however, for Japanese ships stood up well in many cases
after severe battle damage.

9. . There were no quick-acting doors provided for closing the ship rap-
idly on the lowest deck provided with fore and aft passage. Quick-acting
scuttles, or rather scuttles equipped with gang operated dogs, were pro-
fided for some of the main access hatches. _

10. No doors were provided in main transverse watertight bulkheads below
the level.of the deck next above the waterline.

1l. Because of the poor access provided in Japanese ships, it must have
been difficult to secure them properly in a short interval of time when
going to general quarters. No good answer was given to questions as to
the length of time necessary to place & large Japanese warship in a USN
general quarters condition, answers varying from five minutes to fifteen
minutes, with some gquestion as to the truthfulness of these answers, due
‘primarliy'to & lack of proper understanding of what the USN general quart-
ers condition signifies..

iz2. 'Crews of Japanesé warships were generally berthed and messed in the

same compartment. Hooks were provided for swinging hammocks, and bunks
were provided in some cases; for example, for the enlisted pilots quarter-

32




- RESTRICTED ' - - §.01-3

ed on vboard aircraft carriers. Crews berthing compartments, unless they
were located on or above the lowest deck, provided with fore and aft
access, were equipped with a false wood deck about six inches above the
"steel deck. On this deck mess tables and mats were placed to provide
living accommodations for the crew.

13. Galleys were located on the main or second decks, and were poorly
equipped by USN standards. Large vats were used to cook rice and fish,
but no facilitlies were provided for baking. The galleys were coal or oil
fired, and had a very dirty appearance.

14, The poor appearance of Japanese ships was accentuated by the type of
fireproof interior paint that was used. The vehicle of the paint was
waterglass, or sodium silieate, and the pigment consisted partly of chalk.
Surfaces painted with this mixture received little protection. The peint
could be rubbed off in large flakes and the surface underneath the paint
was corroded or rusty. 4

15, The sanitary facilities in most cases were stripped to essentials.
WC's in adequate numbers were provided, but washing and bathing facili-
ties were primitive, On the cruiser SAKAWA, a trough at the deck edge,
on the weather deck, was installed in which the crew bathed with salt
water. Showers were not provided, although a few bath- tubs were instal-
led in washrooms.

16, The foremast pagodas, snother peculiar feature of Japanese warships,
were developed to satisfy the requirements of the many control stations
_that were required by the Japanese. Living quarters, such as the com=~
manding officer's cabin, executive officer's cabin, and navigator's state-
room, as well as radio, radar and coding rooms, were located in the base
of the foremast paguda. The damage control station was also located in
this general neighborhood, usually about one deck level below the bridge.
Except on the older ships, and destroyers of TERUTSUKI type, the bridge
was without steering control, the wheel being located one level below the
bridge, in a small station provided with reasonably good view. Above the
bridge or conning station were located control stations for the various
batteries with which the ships were equipped. In a few instances, a sec~
ond conning station was provided above the first or lower station, adding
one more level to the foremast in that case. No open bridges, providing
overhead vision, were employed.

17s The bridges inspected were crowded with equipment, particularly on

small ships. Compasses, lookout stations provided with large binoculars,
target designators, and in the case of destroyers, torpedo directors, so
used the space aVailable that with the bridge fuliy manned, access would
have been difficult at besty

. A . ) -
18, . Ammunition handling facilities provided Japanese vessels were, in
-general, of the type that utilized manpower more than machinery. For
large caliber guns, where 1l was patently impossible to handle the large
~ weights involved, mechanical means were provided, but for guns approxi-
-mating six inches and below, ammunition handling in a horizontal plane
was doné by hand. . '

19, Tlie powder and shell handling arrangements on NAGATO were interest-
ing. They formed the basis for the method of ammunition handling provid-
ed for YAMATO, and so will be discussed here. Specific plans of handling
arrangements on YAMATO are not available but the principal difference in
the ammunition handling arrangement for the two classes, was that about

cne half the projectiles were stowed on the rotating turret structure of
YAMATO, and none were so stowed in the case of NAGATO,

s
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20. For NAGATO, shells were stowed in bins forward or aft of the turret
they served. They were located direé¢tly over the powder magazines.
Shells were hoisted from thelr stowage bins by a small mechanical hoist
mounted on a transverse beam over the shell bins. There were as many
transverse tracks as there were transverse rows of shells. From its stow=
age position, then, the shell was transferred athwartships to a fore and

< aft track. .

21s There were two fore and aft tracks provided for each shell magazine,
-one port and one starboard. These tracks each supplied one gun in the
turret. The shell carriers on these tracks were driven by a piston car-
rying a movable sheave at 1ts end. The sheave was rove five or six times
with a steel cable so that a small movement of the piston would provide
a large movement for ‘the shell carrier on the fore and aft track. The
shell was transported, then, from the transverse track to the fore and
"aft track, then along the fore and aft track to a fixed tray in the shell
handling room near the rotating turret structure. A movable tray, mount-
ed on a e¢ireular track, could match with the fixed tray on which {
.shell had been placed., The shell was then transferred to this movable
tray, and moved by a screw mechanism operated by a hand wheel to the load-
- ing tray of the turret smmunition hoist. Powder was handled by hand, one
level lower, to & similar tray arrangement, beling transferred from the
fixed to the movable tray, and thénce to the hoist loading tray.

22 Powder and shell were hoisted in the same car. At the deck of the
gun. chamber they were transferred to another car, the tracks for which
were a sector of a circle with its center of curvature at the trumnion
center, and attached to the inboard side of the gun chamber bulkhead.
Thus, powder and shell, after being transferred to the last car, could be
hoisted until the car matched the position of the gun breech, and then
loaded into the gun, without requiring the gun to return to a predeter-
mined loading angle.

23, No elaborate system of ammunition handling such as was provided for
NAGATO was installed in light cruisers. A description of the installa-
tion provided for SAKAWA, an AGANO class cruiser, follows:

24, SAKAWA was equipped with gun mounts, and not turrets. Her magazines
were 1n the general vielnity of the moun%s but the magazine for Mount
number one was located approximately under Mount number two. Powder and
shell were hoisted by the same holst and delivered to the level of the
upper handling room by Mount number one or two. A hoist was provided for
each mount., From here the ammunition was carried by hand to the upper
handling room, from which place the shell was hoisted to the gun chamber
and the powder passed up by hand. The loading operatlon in the gun cham-
ber was manual.

25, The guns installed 1n OYODO were mounted in turrets with a lower
handling room located at the magazine level under the turret. No ammuni-
tion handling plans are available for these guns, but the profile indi-
cates'a holst going from the lower handling room into the turret. The
route the ammunition followed was, therefore, more direct than in SAKAWA.
These ammunition handling arrangements were undoubtedly superior to those
provided SAKAWA . !

26, Ammunition 'handling arrangements for TERUTSUKI were essentially sim=
ilar to those provited SAKAWA, The hoists from the magazines to the lev=-
el of the upper handling rooms were of the pusher type, however, while in
SAKAWA, the hoists- were of the horizontal aredger typee.

Ventilation

l. The most striking feature of ventilation systems provided for Japa=-
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nese warships was tnelr vertical character, a system being contained
between two main transverse watertight bulkheads below a level of one
deck height above the trial waterline. Below this level, ventilation
ducts were not allowed to plerce transverse watertight bulkheads. Venti-
latlon diagrams for SAKAWA, KATSURAGI, ATAGO, and TERUISUKI, show this
arrangement of ventilation system clearly.

il

24 Ventilation, although provided for the comfort of the crew of Japa-
nese ships, was not based on the volume of alr required to maintain a .

particular compartment at a specified temperature above the temperature
of :the outside air. The volume of air required was based on a number of
changes of air per minute, the exact value depending on the type of com-
partment for which the ventilation was being designed.

" e Ventilation alone was apparently not adequate for the comfort of
the crews of Japanese ships, for in recent designs the use of air cooling
was extended. From an original installation of magazine and plotting
room air cooling, 1ts use was extended to such spaces as officers' quart-
ers, crews' 1living quarters over machinery spaces, and for aircraft car-
riers, the operations room and the pilots® ready rooms. The highest

. temperature permitted inopowder magazines within the ships for the Japa-
nese Navy was 27° oC or 8055F,

"4,  Centrifugal type fans were generally used to provide ventilation
air for Japanese warships. Axial flow fans were used, it was stated, in
MOGAMI class crulsers, but in spite of the greater efficiency of this
type of fan, its noise level was considered so obJectionable that the
designers reverted to centrifugal type fans., KATSURAGI had axial flow
fans installed to exhaust the ventilation air from the voids built
around the gasoline tanks. These fans were not the same type of axial-
flow fans as are used in the U.S. Navy, for the fan motor was located
outside of the.ventilation duct, an elbow fitting being provided to per- ’
mit the motor and fan to be mounted on the same straight shaft. It is
not surprising that trouble was encountered with this type of fan for
the change in direction of the ventilation ailr so close to the fan intro-
duced unnecessary pressure drops in the system, and invited the turbu-
lence associated with high noise levels.

5e Air ve1001t1es used in ventilation ducts varied from 150 to 700
meters. per minute. The ventilation alr velocitles, pressure losses for
various ventilation duct fittings, and fan pressures and deliveries are
tabulated in Enclosure (277).

6o The Japanese employed-a great number of ventilation duct closures.
These closures were gate or flapper valve types. All weather deck venti-
lation openings were guarded with a closure. Closures were also fitted
where veritilation duets penetrated armored decks in armored ships, or
the unprotected deck next above the waterline in unarmored or lightly
armored ships. This rule did not apply to destroyers. The closures fit-
ted at the armored decks were located under the armor and were capable

of remote operation from above the armored deck. The location and type
of closures provided can be seen on the ventilation dlagram of the
specific ships included in this report.

7 The weather deck closures installed for all Japanese warships were
provided for gastight as well as watertight integrity. The ventilation
systems of their warships were designed with aview to minimizing the

_ dangers incident to gas attacks, although no quick means was provided
for securing all the weather ventilation closures.

8.‘ " Armor gratlngs of the flat bar type were installed in most Japanese
warships. A modification of the flat bar grating was provided for
KATSURAGI. These gratings are shown in Enclosure (279). The effective-
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" ness 6f such gratings is open to question even in such 1ightly armored
ship as KATSURAGI. YAMATO was provided with a full fledged armor grating
simlilar to those now used in the U.Se. Navy. A brief description of this
grating with a few pertinent facts is given in Enclosure (279).

9 Before the sinking of the aircraft carrier TAIHO, the Japanese pro=-
vided ventilation for the cofferdams surrounding the gasoline tanks in-
stalled in ailreraft carriers. Both supply and exhaust ventilation were
installed, the system serving the cofferdam serving no other spaces ex-
cept the gasoline system pump room. After the loss of TAIHO, from a
gasoline explosion eight hours after torpedoing, the voids around the
gasoline tanks installed in aircraft carriers were filled with ~..crete
to provide more protection. With the installation of concrete, the ven-
tilation for these spaces, of course, was removed. A typical arrangement
of the gasoline tank cofferdam ventiiation is shown in Enclosure (55).

10. Heat insulation wasiprovided for all Japanese warships for the decks
.and sides exposed to the weather. Under weather decks covered with wood,
insulation was not installed, the wood being accepted as sufficient in-
siilation. Weather decks covered with linoleum, or decks left bare, were
.insulated with one ineh rock wool bats, covered with a cloth facing. Of
the ships inspected there were none with the insulation completely intact,
the.cloth facing apparently being inadequate to hold the insulation in
. place properly. : .

11. Heat insulation that was provided for air-cooled spaces conslisted of
cork board of varying thicknesses sheathed with wood. The wood sheathing
was painted in some installations, and in others it was not. The later
installations were generally unpainted. The reason extended for not
painting the wood sheathing in the later ships was to reduce the fire
hazardi o -

12, Several of the air-cooled spsces such as the radio receiving room,
damage control station, and coding room were located topside. In spite
of the exposed location of these stations there was little complaint
from operating forces regarding the fire hazard introduced during of
enemy action. :

~13. Calculations for ventilation air quantities for some typical spaces
in CV SHOKAKU are shown in Enclosure (280), -

Fire Main and Drainage System

1. The fire mains installed in Japanese vessels were single line mains
for small unprotected ships, and more complicated loop mains for larger
ships. For battleships a horizontal loop was provided below armor, and
for lightly protected ships such as KATSURAGI, a partial vertical loop,
the loop extending through the machinery spaces, was installed. The up~
per leg of the loop was not below protection while,the lower leg was.
ggrward and aft of the machinery spaces the fire main was a single pipe
ne., - ’ ) )

2 The Japanese had no criterion by which the pumping capacity of a

- ship's fire system was calculated. The only rule that was used in the
design of such systems was that the pumping capacity was determined by
the size ot the ship. The differences in pumping capacity provided for
the various types can be seen by a perusal of the plans included of the
fire system of the various types of vessels.

3. As was the case with ventilation systems, the fire mains developed
by the Japanese guarded the integrity of watertight bulkheads as much as
possible. Below the level of the single line mains, run as high as pos-
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sible within the ship, the ship was subdivided into transverse sections,
and no fire main piping penetrated the bulkhead boundaries of these -ec-
tions except that of the lower (in the case of vertical loops syste .
fire main loop itself. A few exceptions to this rule may be noted; aow-
ever, the general scheme was that outlined above.

4, Powder magazines were both sprinkled and flooded. Shell magazines
were flooded only. The flooding connections were arranged to provide a
large enough capacity to flood a powder magazine in 15 minutes and a
shell magazine in 20 minutes. The volume of water introduced in the pow=-
der magazine by the sprinkl-“ng piping was not considered in the calcula-
tion of flooding time. It was interesting to note that theres have been
cases of inadvertent flooding of magazines in the Japanese Navy. MOGAMI
and MUSASHI both reported flooding of magazines through inadvertence.
Such incidents should not bc surprising in view of the maze of remote
control shafting and the peculiar manner in which some fire pump sections
‘are located in some ships. For example, in KATSURAGI, a fire and bilge
pump took suction from an inner bottom tank. The magazine flood sea
chests were located in this same tank, which was a sort of drain tank,
and the sea chests were providzd with two remotely operated valves. Be~
tween the valves was a pipe- connection that permitted fiooding the tank,
and the second valve in the magazine flood line prevented the magazine
from flooding, With the sea chest valve open, the inner bottom tank
could be flooded to provide a suction for the fire pump. With such a set
up, it would be easy to open the wrong valve and consequently flood the
magazires inadvertently. -

50 Segregation and isolation valves were provided in the fire main pip-
ing, but by U.S. Navy standards the number would have been insufficient.

The express purpose of these valves, according to the Japanese designers,
was to keep the system in operation, after damage, rather than to permit

segregation of the various parts before battle.

6. The fire pumps used for the fire main system were generally centri-
fugal pumps. Some of the pumps located in the machinery spaces were
steam-driven as well as eleciric, while those pumps located outside of
the machinery spaces were either electric or dlesel-driven pumps.

7o The material used for the fire main piping was galvanized steel
seamless tubing. :
|1

8, ' The hose sizes used for fighting fires varied with the type of ship;

- 50mm diameter hose was used for destroyers while cruisers used 65mm and
the larger ships 75mm diameter hose. The connection of the hose to fhe
fire plug was by a bayonet joint. that required less than a half turn to
secure. ., Connections between sections of hose lines and hose nozzles were
of the same type.

9% The Japanese had no special types of nozzles such as the U.S. Navy
all-purpose nczzle. The nozzles used were of a straight venturi type.

10. For emergency use small gasoline "handy billy" pumps were provided.
Apparently the Japanese had difficulty with the overboard suction of
these pumps, for on-all ships inspected a steel suction pipe, which could
be swung over the side, was installed so that it could be used for the
pump suction in emergencies. Operating personnel stated that the pilpe
had provided a satisfactory suction at speeds as high as 18 knots.

11, The drainage systems installed in Japanese vessels were essentizlly
- gravity Qrain systems. WC's-and WR's were located high enough above the
waterline to assure drainage without the use of drain tanks or drain
pumps. Spaces' within the ships, so low that they could not be drained
overboard, were drained to lnner bottom tanks or bilges and the drainage
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water piéked wp at this point by fire and bilge pumps or steam ejectors.

12. Steam ejectors were used extensively by the Japanese for drainage
purposes. '

i3. The'drainage system followed the transverse subdivisions established
by the fire main subdivision, and by so dolng, saved many bulkhead pene-
trations by drain piping. :

14. Steering gear drainage for large ships was provided by installing a
small pump above the steering gear armored box. The capacity of this
- pump was ten tons per hour, or about 40 gallons per minute. For smaller
ships, that is, light crulsers and desiroyers, no drainage was provided
_for steering gear compartments.

- 15. Fire main and drainage diagrams for varlous ships are included in
the enclosures of 'ship plans.

16. A foam system, closely allied to the water fire system, although not
directly a part of it, wds installed in Japanese aircraft carriers. Pri-
or to 1941 the Japanese had used CO, systems for fire protection in air-
craft carrier hangars, but about this time, a foam fire fighting system
was %;ggloped. It was simple in its application, as is shown in Enclos-
ure . Co \

l
! i

: 17. The system consisted sssentially of pumps located below the armored
" deck, provided with a sea suction and a foam liguid tank located in the

pump room. -The foam liguid was injected into the system by leading a
“1ine from the foam tank to the pump suction. From the pump discharge the
- salt water mixed with the proper proportion of foaming agent, was led to

what. the U.S. Navy termps "conflagration stations," two stations belng

provided for each hangar bay. Either station could start the operation
of the foam system in its own bay, but not in the adjacent one.

18. From the conflagration station the foam piping main was led around
the hangar decks, protected by a guard plate as well as being located as
closely as possible to the intersection of the havgar deck and hangar
side piating. The nozzles, mounted in a vertical position, with thelr
ends so arranged as to throw a horizontal sheet of foam ou% over parked
plares in the hangar, were attached to this pipe.

19. The nozzles uaré asplrated mnozzles, the alr being entrained in the
foam liquid and salt water mixture near the base of the nozzle. B

20. . The foaming agent used was stated to have been "Foamite,® but it was

~ manufactured by Japanese concerns, and consequently might not have been

the same as the material manufactured in the United States under the
trade name of ®“Foamlte.®

’ Aircraft Carrier Gasoline Systems

1. The gasoline systems installed in Japanese alreraft carriers were

' very simple ones. They were direct suction systems, no water displace-
. ment systems being used because of the fear of conteminating the aviation

gasoline with water. The diagrammatic arrangement of sych a system.is
shown in Enclosure (48) and (49).

2 The system consists essentially of a screw pump, driven by electric
motors located outside and above the pump room, that took sucticn from

- the bottom of the gasoline tanks, The gasoline was discharged to a main,
run inside the ship, that serviced both the upper-and lower hangar decks
as well as the flight deck. The tanks were fitted with vents as well as

. - a connection to a bilge pump.
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3. An airplane degassing system had not been designed for Japanese air-
eraft carriers, although the need for such a system was recognized., What
amounted to a Jury~rigged system had been installed, however, which coa=-
sisted of degassing the planes by draining the gasoline out of the planes®
tanks into buckets, and then pouring the gasoline from the buckets into
funnels connected %o the gasoline main. The gasoline drained back to the
tanks by gravity, and no means of securing the system with inert gas was
provided. - :
il

-7
Protective Arrangements

1. Above Water Protection

‘as In the laréer Japanese warships, sucn as battleships and large
aircraft carriers, armor protection against bombs and shell fire

. followed conventional modern methods, with sloplng side armor being
introduced in YAMATO and MOGAMI classes. YAMATO, the latest Japa-

- nese design of a heavily armored ship, introduced a novel feature of

- protecting the deck under the magazines with armor, thus forming a

. completely protected box for the ammunition, with the exception of
the end of this box adjacent to the machinery spaces.

- be One striking characteristic of Japanese above water protection
- was the extensive use of internal armor. This type of protection
was most extensively used in cruisers, and was first introcduced in
the design of MOGAMI class crulsers. ATAGO was provided with a suit
- of conventional exterior armor, whereas MOGAMI's, similar to TORE's,
armor was completely internal. For light cruisers of AGANO and
~ OYODO classes, a combination .of internal and external armor was used.
- The use of a system of external and internal armor creates a number
of weak spots in the armor suit, at the point of shifting from in-
- ternal to external armor, and the design of such spots, in Japanese
- warships, was not exceptionally good. Angle bars, through riveted
or tap riveted, depending on the thickness of the -armor, were used
with rabbets in the edges of the armor to provide better support
- against ballistic impact. These .rabbets were often omitted.

Ce As previously stated, the side armor on ATAGQ, four inch and

five inch in thickness, was worked in the longitud{nal strength of

the vessel. Typical calculations for such armor joints are shown in

Enclosure (278). The joint actually used for ATAGO was that sketch-
- ed below, -

ELEVEN ROWS
~=—OF 1-1/8" DIA. —= TAP RIVETS

RIVETS INTERNAL BUTT STRAP
{

V4
ARMOR
/

The joint efficiency of this connection was stated to have been cal-
. culated to be 60%. The use of this type of joint was not perpetuat-
ed in subsequent designs. '

< 3 The internal armor fitted on TONE presented difficult problems

. of erection and fabrication. of the shell plating and armor of the

+ ship, The working space avallable between the sloping vertical arm-
or and its intersection with the shell plating was extremely small
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ﬁandﬁpresented difficult problems of workmanship.

=38 The barbette protection on all Japanese crulser classes was
weak compared with U.S. Navy standards. The shadow of adjacent tur-
rets was used to reduce the thickness of barbettes in a 30° sector
either side of the longitudinal centerline on ATAGO. The barbette
armor provided TONE was only about one inch in thickness, and be-
cause of the meager protection afforded, this armor was not reduced
in thickness in the shadow of adjacent barbettes.

Underwater Protection

a. - A striking feature of Japanese heavy cruiser design was the
_‘amount of underwater protection that was provided these ships. Al-
though no heavy cruiser protection system was adequate to resist the
contact explosion of a.modern torpedo, the protection would have
been effective against close "near misses.™ The system built into
ATAGO was designed to resist a 200 kg charge of Japanese explosive,
but:was stated to have been unsuccessful.

1 YAMATO's underwater protection was desligned by exterpolating a
series of tests that had been conducted for the modernization of
NAGATO. Small-scale models, as well as full-scale calssons were us-
ed in this work. No models smaller than 1/5.35 scale counterpart
were used, but a number of 1/3 scale models were tested before going
to. full scale caissons. The reason smaller models than 1/5.35 scale
were not used was because of difficulty encountered in representing
the full scale Joints in model size. :

ce . YAMATO's underwater prote;tion system was designed to withstand
a charge of 400 kgs. The following relationship was used to deter-
mine the inodel charge weights that would correspond to the full
'scale desideratum:
| a1, 34_)“
L Wo/
where - :

Wo is the actual charge weight
W 1is the model charge weight
L is the model scale

n 1is 1/2.85 (approximately)

The value of “n" can be found by:determining the tangent of the

l1ine shown as follows (the following values should be plotted on
logarithmic paper): :

.Log (/L)
/3

3
i
1
]
1
I
l
|
|
1

200

. CHARGE WEIGHT IN kg.
TAN © 1S EQUIVALENT TO n.
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doe The Japanese preferred to use volds for thelr underwater pro-
tection layers, primarily because it eliminated piping to the out-
- board tanks, and thus reduced the chance of progressive flooding
~ through broken piping after damage. In any event, the Japanese had
. conducted tests that indicated to them that air-backed shell plating
was as effective in preventing damage from underwater attack as
liquad-backed plating. Unfortunately, the records of all underwater
tests were stated to have been burned during the fire bombing at-
tacks on TOKYO.

€o The Japanese had developed a formula that supposedly gave the
thickness of the bulkheads in an underwater protection system that
would withstand penetration by any assumed weight of explosive. The
formula is as followss ’

st=k xW™xd~V3

where
£t 1s the total thickness of underwater protection

bulkheads in the system

. is the assumed charge welight

- an exponent whose value is 0,669 approximately
is the distance of the holding bulkhead from the
center of the explosion
is an experimental constant.

Metric units are used in this equation. The Japanese stated that
they used this formula in delermining the thickness of underwater

* protection system bulkheads, bdt stated that it was incomplete be-
cause a volume factor was omitted in its formulation. Different
values of "k" were assumed to cover this point adequately as well as
to care for the different destructive powers of different explcsives.

f. The comnstruction of underwater protection systems was no differ-
ent from the remaining ships! structure. To speclial care was taken
to eliminate hard spots that might cause "punching" under explosive
loadings. Curved transverse bulkheads were not used in these sys- -
tems. Riveting alone was used, principally because most of the
steel employed in the underwater protection system was DS for which
no acceptable welding technique had been developed.
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PART III
CHARACTERISTICS OF THE LATEST DESIGN CLASSES

In the following tabulations all displacements and shaft
. horsepowers are given in metric units. The metric ton 1is
_equivalent to 0.985 English long tons, and the metric
“horsepower 1s equivalent to about O. 95 English horsepower.
- A1l conversions shown below from meters to feet have been
done with a six-~inch slide rule, so theilr accuracy must
"be judged accordingly.

Qgttlesh;p s YAHATO class

l.. The. characteristics of YAMATO class battleships, of which two units
were built, YAMATO and MUSASHI, have been chosen as representing the cul-~
mination of Japanese design experience in the battleship type. The prin-
eipal characteristies of these ships as they were built are tabulated
below. Aside from verbal information given by the Japanese, the charact-
eristics are substantiated by Enclesure (1) to (9) and (2553

YAMATO CHARACTERISTICS

Displacement, Trigal eceeeseceessscessscecsccseconce 69 935
Displacement FUll ecevccvscecsccecsescsncssscecos ]2 200
Displacement, Standard ccesesesccscsssccesacecoe 62-63 000
LOA sescssecscsascsescosssscsssessessscscscnvasnce 299M ( %0')
"LTWL. ceeseeceeocncesocessoscssensscscscsscccse 256m (838')
B=TWL eccescesceceacscssesescesscsnccscecnssse 36m (117‘5)
B-EXT 000 e08000060090000000000a00000000000080 39m (127')
HoTWL ecesvescecsssscoscsssaccocsnsascsacesssvos 10odm (34')
Depth (A NN E X N X N N N N N X N N NN N RN NN N KRR NN NN NE NN NN 1% (62; )
Longitudinal or Prismatic Coefficient eeseccsece 0.60 (2)®
MidShép Section Coefficient eecececcvccensennce 0.97 (;)*
ceceve0ssecesescssoesseerscscosessece lel
(T%u]a ©000€90000000000000000900000880030RVOS 116
v DES 0CCE 000000000 EORSPISOINROUFOIEORIOEBOIPOIOPOOSEOSOSIOSIPODOONRODEO 27 Kts
"V Trial seccesecosvccccenccescsssnecoscoececcnccas 2707 Kts
SHP‘o'baotéio.oosocoooo‘oc.-ooo.c-o-oocae-oooc-oocoo 150 000
Cruising Radius/Specd(DES) secsesscescecces 7200mi/16 Kts
Stability (Trial Cond.)
ecossscsessacneressssseceseosssasvonscene 10V=11%
GZ @00 0000000000096800000000000008000000000280000 7
‘Range ooo.o-oc--Qooooooocoocueuoooo-oooooooo Abt 700
Strength
. Hogging .
i ‘Deck Tens. 2e800e0090000000c2c00cone 10 tons psi
Keel Compe. .occoooooooocoocooooocoo- 8 tons psi
. Sagging
7 Deck Comp. ©ocesvesscesoceceseces 7075 tons psi
Keel TenSe sccecoecsencossscesccsec 895 tons psi

Battery
, v

Bore/Caliber e.e. 45¢m (1747)/45 Cal. in Length
Type of Mount sceescseseccsecncsscescuse Triple
Angle of Elevation ececocovevssscscseesesce 400

No. Of Guns .....O‘Q.....Q..........0..0._.0.0. 9

*Phese coefficients do not check with the dis-

" placements and dimensions given above. The mid-
ship section coefficlient should be greater than
one, but the prismatic or longitudinal coef-
ficlent should not be much lower.
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Secondary
Bore/Caliber ... 15.5cm (6%1)/50 Cal. in Length
Type of MOUNL eeevcccecocecccscancancose Triple
Angle of Blevatlon ccecesesecccoecocsncceson 700
Noe Of GUNS secesacocovecsccsenrscescoscsecns

AA Guns ‘
Bore/Caliber .ees 12.7cm (5")/40 Cal. in Length
Type of uounts .......e.......o...'.o..... hin
Angle of BElevatlion evececcscceceeassasasesce ?50

Hoe Of GUNS cesvcecccececsescesnccesscessseso

Calibei‘ 09000 Q0000IGBCEOTHONOOE0S SO 25m (0'.'988)
Type Of nount .OICO...DQOOQD..0.'...0.. Triples
No. Qr Monnts 2 Y PR Z R LS A AL AN 36 bbls (DES)
(ﬁg gG Battery was doubled after completion of
-Ship :

Protection
Machinery Spaces
Ma

AN ceevsescccee 4]1cm (16“05) at 200 510p3

vC
LOWET vy 200mm (799), tapered to 75mm (2495)
9009 9ssce00OT0000DC0eR at 200 Slope, CHNC
Magazines
Ma

i cecsvasvesss 4lcm (16!05) at 20° slope, VO
LOWET o.. 270mm (10%45), tapered to %75mm (599)
..............ﬂ..0.‘..'.. a\k 20 slo e’ vc
Bottom eceoces S0mm (3915) and 50um (1%965), CKNC

Decks ‘

' Machinery Spaces <« Magazine8 esee¢e QOrigin
designed at 20.3cms but reduced to 19em(7%5
eesses as the result of ballistic tests, NVNC

Armored Bulkheads essesessss 14% tapered to 104, VC

Turrets §0e390080000C00000B0E0C0000000 8 45cm (1&%?)

Face PL .‘....0.......60'..’........0.. 20" vc
TOP PL ececccsccecscovcsconcacecscrsecscs gn VC
Rear PL (for counter balance) ......... 18" VC
Barbettes oscesecocesvscsvocasscccosrcse 20" V¢
Turrets ..........................oo-o'15.5¢n (6%1)
Face PL cccesovcocoscsccccessncosessase 3' CNC
Top P, sovcevnccocoecosssossscssssercaco 1* CNC
Side PL ¢020600vecen00000009000CI00 00000 1" CHC
Barbettes escevvsscessscnccoccesscacecon 3% CNC

C.T.

' - 813eS esececevscossssccscscessecassscsses 20% VC

TODP csevevscessescsscsssscccecorsencscnns L[

Steering Gear - . .

‘ (104 thinner than corresponding thickness of

®seessscersvossvsesccesesesse maln armor boz)
Sides -~ (calculated) sesbeesssescsccsssee 14'0'5
Top ..‘.°.°..............99..'.0.........9 6%75
Ends .......Q.‘.....'...'.........'........ 9“

2, The design of YAMATO began in 1934. Her design perlod was exception-
ally long, for her construction was not started until 1937. YAMAIO was
built at %he KURE Navy Yard, and MUSASHI at NAGASAKI. Both were completed
in 1941, shortly before the outbreak of the ware

3. This class of battleships was the largest in size, the most heavily
gunned, and the most heavily protected class of its type in the world.

' The fact that the ships were poorly handled, both strategically and tacti-
cally, should be no discredit to -their desigmers. -

4, There are few points requiring further discussion for these shipss
the table and the enclosures describe them quite fully. There were some
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deficiencies in their design, however; one was the lack of depth of their
underwatéer protection system and another was the connection between the
upper and lower side belt armor, The detalls of these polints are shown
clearly in Enclosures (8) and (255).

5e Enclosures‘(3) to (9) were reproduced by the.Japanese from detalled
plans found -at the KURE Navy Yard.

Aircraft Carriers: UNRYU (KATSURAGI), TATHO, SHINANO classes.

le The: three classes of aircraft carriers chosen for discussion were the
latest warships of this type designed by the Japanese. UNRYU class
approximates U.S. Navy CVL's in displacement, although their dimensions
were greater than these CVL's. TAIHO apprbximates very closely U.S. Navy
CV's of ESSEX class both as to hull dimensions and displacement, while
SHINANO couid be compared with U.S. Navy CVB's of the MIDWAY class. The
‘characteristics given below can be substantiated from the information
shown oh Enclosures (10) to (58) for KATSURAGI, (59) to {67) for TAIHO.
and (68) to (78) for SHINANO.

Enclosures (64) to (67) for TAIHO and (72) to (78) were prepared by the
Japanese from detalled plans found at YOKOSUKA and:SASEBO.

20 One of the ocutstanding features of Japanese aireraft carriers was the
smoke pipe arangement. Downsweeping smoke pipes below the flight deck
were used through the design of UNRYU class of carriers. The reason for
the use of this type of smoke pipe arrangement is obvious, namely, to keep
boiler flue gases from interfering with flight operations. The method, so
typically Japanese, of: sweeping the smoke pipes downward was abandoned in
TATHO and SHINANO, and stacks integral with the island were used.

3. No wood was ordinarily used as deck covering for the flight decks of
Japanese aircraft carriers, Wood was used on the converted carriers of the
HAYATAKA class, however. The flight deck covering used for the three
classes chosen for discussion was a non-skid paint.

4, ~ The strength of the flight decks of Japanese aircraft carriers was
based on.a plane landing load of twice the weight of the airplane. The
deck was supported by transverse bents, located on every frame of the ves-
sel., Every other bent was a heavy onej the hesvy ones, however, being

only about 18 inches in depth. Longitudinals were run across the trans-
verses to assist in the support of the flight deck, but they were relative=-
ly widely spaced. With the transverse method used by the Japanese for
flight deck support, there was no necessity for deep transverse girders

and consequently no gallery deck was lnstalled in their carriers.

S5e The flight decks of TAIHO and SHINANO were armored, and these decks
were also designed as the strength decks of the vessels. Under these de-
sign condidtions, airplane landing loads were not the determining factor
in the flight deck design.

6o Experience and judgment were used as a basis for the design of the
flight deck supporting structure. So far as could be determined, the
Japanese had no established criterion for roll, pitch, wind and srow loads
that were used in designing this structure.

"7 The hangars of Japanese aircraft carriers were closed hangars. The
clear deck heights required were:

KATSURAGI R R R Y Y R R RN Upper hangar 4.,6m
S Lower hangar 4.2m

© "TAIHO 0c0v0e0cs00cens0000c000voce Upper and lower hangar om
SHINANO eecevcccececscesscsssesse Upper and lower hangar Sm
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AIRCRAFT CARRIER CHARACTERISTICS

KATSURAGI SHIBARO

v 20,898.870 64,000
Displ i%: g:l;:gg : 66,500
LOA 227.350m (743') 260.5m(852') 260m(850')
LTWL ) ~ 223m (730') 253m (828') 250m(8181)
{ BTAL 22m (72') 27.7m (9018) 33m(108%)
B-EXT 26.8m (8715) 33.6m (10918)
H-TWL , 7.93m (2519) 9.67m (3115) © 1om(3217)
Depth 15.7m (5115) 16.8n (5419) 22m(721)
Depth to Flight Deck 20.4m (6617) 22m (721) 40m(130.5)
B-Flight Deck 27m (88%) | Abt 28m(9115)
L-Flight Deck 214.5n (700%) 256m (8391)

Longitudinal or Prismatic
. (:oefficient 0.60 0.60 0.60

Ilidsha.p Section Coefficient 0.86 0.85 0.97
N 1.4 zg 0.99
gLs 53.8 55 105
V Trial 32,709 Kts 33.34 Kts 26-28 Kts

SHP ‘ 104,000+ - 180,000 150,000

Cruising Radius/Speed 8000/18 Kts 8000/18 Kts.
011 Capacity . 3,671.396 Tons

Stability | _GM 1.78m §Z 182% 2.06m (6 2.5m (812) |~
(Trial Cond.) GZ 2.0m lggo 3.5m (11 JAO

nge 90 G900
Hogging Deek Tens. 8 tons psi 8 tons psi 8 tons psi
88 eel Compe. 7 tons psl 7 tons psi 7 tons psI

3 Deck Comp, 7 tons psi 7 tons psi 7 tons psi

| Sagging [Feel Tens. 8 tons psl B tons psl B tons psi

Size 12,7em (5%) 12.7¢m (5") 12.7em (5%) |
Trin Twin Twin

¥ain lType of Mount
No. of Guns IZ 151 i 15

4 oan Caliber 295mm (09988) 25mm(0%988) 25mm(01988)
AK MG Type of Mount Triple and ~ Triple and Triple and
Twing Twins ‘wins
No. of Guns Increased during war after battle experience
1 Planes 48 0
Plane 3ty [0asoline Capa- 182 tons 600 tons 600 tons
| Capacity |oyty (53,500 gal) (176,000 ga.L) (176,000 gel) | -
Eatapults . Hone None
Barriers 3 2f1310m (350'5 From Af% End
. m(367 of Flight Deck
Arresting Wires 9 g9
evators 2 2
E Fwd. 14m{4519)x T4m(45 l9)x 1an{4519)x
) "Blevators 14m(4519)

aft. 14m(45 19)x 14m({4519) ~ 14m{45°
13m(42 15) 2% (45:9)

. chinéry Speces| ' 46m(1981) DS 55mm(24¥17) DS 200mm(7%9) VC
sidemlt ‘Egaz_l—lines aces 140-150mm 15“3mm£‘(6_%%7-: ¥C | 350mn 8‘3@%}"%

(315-599)vc

{ 25mm 100mn(3%93) 200mm(729)
Mach'y \ (02988)CNC on HVKC on
Armored Deck 55um 25mm (0%988) 20mm (0%79)DS
Mag's (24917) CNP DS

None 80mm{3%15) Same as TAIHO
IFlight Deck KVHC on 20mm
. (0279)to 25mm

(0.988)Ds

Protection

. Partial Depth 3m | Same as YAMATO
Torpedo |’ (3127) Hold-

Protect- bhd 40mm
ion : (1457)Ds

Built at: KURE KOBE YOKOSUKA

Complet- October 1944 March 1943 Hovember 1944
eds .

FRatsuragl only.




' 5.01-3 : RESTRICTED

8. The elevator dimensions for Japanese airecraft carriers are given on
page 45. The hoisting system used for these elevators was very simple. The
elevator platform was counter-weighted, and the hoisting wires, two at
each corner of the elevator platform, were connected to winches mounted on
the same shaft and driven by an elecéric motor located in the elevator pit.
The speed of the elevator was controlled by a Ward-Leonard control system.
The maximum velocity of the elevator was 50 meters per minute, Its time
for a cycle consisting of going from the lower hangar level to the flight
%ec%s%?vel was 15 seconds. Plans of the elevators are in Enclosures (56)

o . . '

9. ° The locks used to hold the elevator platform at the flight deck were
large brackets mounted on hinges. Thése brackets were swung under the
elevator platform manually when it was desired to secure the elevators in
the up position., '

10, The ammunition handling arrangements . provided for aircraft carriers
were simple. Two bomb and torpedo elevators were installed, one to serve
the forward magazines and one the after magazines. These eieVators hoist-
ed bombs or torpedoes to the lower hangar level, and further hoisting was
done by the airplane elevators themselves,

Cruiserss ATAGO (CA), TONE (CA), IBUKI (CA); AGANO (CL), OYODO (CL).

1, L Few plans were found for MOGAMI class cruisers, but the Japanese

- stated that MOGAMI and TONE were essentially the same except for the dif-
ference in armement. MOGAMI was equipped with the same battery as ATAGO,
but the arrangement of ‘the forward battery was different between the two
classes, In ATAGO, Mount No. 1 was low, No. 2 high, and No. 3 low. 1In
MOGAMI, Nos. 1 and 2 were low and No. 3 high. IBUKI, for which some par-
‘ticulars are available, was to have been a repeat of MOGAMI, before her
construction was changed to an aircraft carrier. The characteristics of
both heavy and light cruisers are tabulated on pages 47 and 48. These
characteristics can be substantiated by Enclosures (79) through (196).

2. Recent designs of Japanese cruilsers, all of which were started either
before the war or during the early phases of it, emphasized the ase of air-
crafts The principal change in characteristics between MOGAMI and TONE
classes was the lncrease in aireraft facilities provided for TONE. As
stated above, by the end of the war, the use of so much valuable space

that could have been devoted to armament was considered a mistake, hence
the reversion of the original IBUKI design to MOGAMI instead of TONE class
when construction was startede.

3o This emphasis on the employment of scouting asireraft from cruisers is
‘even more apparent in the change between the design of AGANO and OYODO
classes, Agaln, in QYODO as in TONE, an after turret or mount was sacri-
ficed, leaviiig %he after gun arcs of the ship completely blind, so that:
six large -scout planes might be carried on her after deck. As originally
conceived, OYODO was to have worked with fleet submarines, her large ship-
borne aircraft spotting the targets, which the submarines were then to
intercept and sinke The irony of the fate of OYODO was that even after
her completion, no planes of the type she was designed to carry were ever
bullt, and so she never was used as she was originally intended. Instead,
her large after catapult was removed, a smaller one substituted in its
place, and the hangar space convertéd into living quarters. After this
conversion she was used as a fleet flagship and saw little real service.

4, The Japanese emphasized speed in thetfr cruisers., ATAGO, finished in
the early thirtiles, was designed for the high speed of 34.25 knots. To
achieve this speed, sacrifices were made in protection, for all Japanese
crulsers were lightly armored by U.S. Navy standards. The high speed
achleved was obtained By using long hulls and large powers.
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HEAVY CRUISER CHARACTERISTICS

ATAGO TONE IBUKI*
Trial 14,670 14,000 13,890
Displacement,[Fall 15,751 15,200 14,828
Tight 11,560 11,440 |
LOA 66815 201.6m(659') 200.6m(656%)
o o 6501 | 198 (648') 198.3m(650')
B-TWL 64¢ | 18.5m (60%7) - 19.12m(6214)
B-EXT 68" | 19.4m (6315) 20.2m(65t9)
) HIWL 6.41m(21103) 6.48m (2112} 6.043m(1917)
- Depth 3610 | 11.25m(3618) 10.433m(3414)
Longitudinai or Prismatic
) Coefficient . 0.62 0.61
- ‘ . Midship Section Coefficient 0.89 0.94
* 1.33 1.38
‘,_a‘! 51 51
v DES 34.25 .Kts 35.2 Kts 33 Kts
V trial
SHP 133,000 152,000 152,000
- (340 RPM)
Cruising Radius/Speed 8-9000m1/18 Kts 9.000mi/18 kts 8,150mi/14 Kts
011 Capacity 3,000(2950) 2,163
. Stability GM 1.51m(4195) 1.6m(5123) 1.48m(418
) ) (Trial Cond.)[GZ 1.294m{4122) 1.48m(4183 1.43m(4168)
Range 30 Over 900 8
. 1 Deck Tens. 9,36 tons psi |9.47 tons psi
i o Hogging .
i : '§| Keel Comp. 7.79 tons psi |7.74 tons psi
= ! g Deck Comp. 6.87 tons psi |7.11 tons psi
4 |Sagging
Keel Tens. 7.26 tons psl |{7.49 tons psi
| Bore/Caliber 20,3em(8")/? | 20.3cm(8")/? 20cn(7487)750 cal.
‘ 'ype of Hount i Twin_| Twin Twin
¥ain ngle of Elevat-
ion 530 53°
Ro. of Guns 10 ] 106

Bore/Caliber

12,7cm(5")/?

12.7cm(5")/?]12,7cm(5")/40 Cal.
n Twin

" Type of mount
Second- [Angle of Elevat-
ary ion .
No. of Guns 12 "8 8
Fy
i ] Caliber 25mn 25mm 13.2mm 25mz
Bisa ws SIngles Singles Twins
o Type of Mount ’ Twins 1wins
o Triples Triples
No. of Guns 50-60 Abt 60 25em 8
13,2om 4
Torpedo |Dia 6lem(24") 6lem(24") 61lem(24™)
Tubes Type of Mount Quadruplets Quadruplets Quadruplets
. |¥o. of Tubes 16 16 16
Catapults 2 2 2
No. ©of Planes 34 8 3
Hai nBelt! Machinery Spaces 4% NVNC 100mm(3193)| 100mm(3%93)NVNC-
. 30mm(LY18)CNC
Magazines 5% NVNC 145mm(5%72)}] 140mm(."50)NVNC-
Tapered to 30nm(1718)CNC
“ 55mm(2%17)
S ibecks Machinery Spaces 1 3/8" 31mm§l':22§ mm(1338)CKC
b . Nagazines 1 7/8" S6mm(212 40mm {1757 )CKC
@ .
o|Barbettes 3" Sides 25mm (01987)
& 1t ¢
‘90mn(3 255)
- 5/8v sides
cT 40mm(1%57) top
2 31des [31mn(1922) top] 50mn( 96 )CHC-100m:
t 1" Top 35mm(1%38)] (3793)NVNC sides
Steering Gear ends
13" Ends 100mm(3%93)] 30mm{1928)CKC top
sldes
rector Tubes Abt, 3/4% Ncne

47
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_ LIGHT CRUISER CHARACTERISTICS

AGANO 0Y0DO
Trial 74895 10,417
Displ t [ Full 8,534 11,433
‘Light 6,288 §,002
LoA 174,.5m(571') 192m(6301)
1 LTWL 172m  (563') 189m(618')
iBTWL, 15.2m (4918) 16.60m(5413)
"B-EXT 15.2m (4918) 16.60m(5413)
H-TWL 5.70m (1816) 6.10m (1919)
Depth 10.17m(3312) 10.6m (3417).
Longitudinal or Prismatic
Coefficlent 0.61 0.624
Midship Section Coefficient 0.84 0.849
~ 1,48 1.42
| 58 a1
Vv DES 35435 35.3
'V Trial 35.45 35.2
SHP 100,170(355 RPM) 110,430(340.3 RPM)

Crutsing Radius/Speed

6,178mi/18.44 Kts

10,619m1/18 Kts

011 Capacity 1,405.404 tons 2,360 tons

Catapults 1 1

No. of Planes 2| 6'

Tox 1.01m(3131) 1.3%(4143ﬂ

+ | Stability [GZ 0.92m{3103 -07m(3849) !

(Trial Cond.) ! Range Over 900 Gver 900

S Hogging . |Deck Tens. 7.53 tons psi 8.5 tons psi '

o el Comp. 7,06 _tons psi 7.56 tons psi]

2 |5agging Deck Comp. 7.03 tons psi 7.36 tons psi|

B eel Tens. B.51 tons psi B.53 toas psi

r Bore/Caliber 15em(5%9)/50 cal. 15.5cm(6%1)/72

Main Type of Mount Twin Tuin

K% Ie of Elevation

o. of Guns [ 6

Bore/Caliber 8em(3%15)/% 10em(329)/2

s, 1Secondary|Type of Mount Twin| Twin
] ngle of Elevation i
s [Fo. of Guns 4

. ]

| Caliber : _ _25mm 25mm

AA MG Type of Mount Singles (18 mounts} Twins s, Twins, Triples
~Triples (10 mounts)

No. of Guns About 40 About 50
Torpedo |Diameter - 6lem(24")
Tubes Type of Mount ‘n-igs-c%ed to quads
No.” of Tubes - changed to 8

Machinexry 60mm (2432 )CNC 60mm (2132)CHNC

Main Belt|Magazines 55mm (Z¥16)CRC *fiﬁﬁii‘.'97)crlc

(Interior armor) {Interior armor

Decks Machinery 20mm(0'.';9)CHC 2gm§0'.'28)0!(c

gazines 20mm {0V CNC 1197)CNC

g Mounts Abt. 25mm(0%98) |60-70mm (2% 32-2%76XNC &

o . splinter protection 30omm(1%18)CNC

§ Barbettes 25mm (0% 98)DS 25mm(0%98)DS

o

" Elc.T. (Steerin§ 40mm(1458)CNe 40mm(1%58 )CKC

i Station 20-25mm (0%79-0"98)CNC | 20-25mm(0%279-0%98)CNC

20m (0%79)CNC top| 40mm (1758)Ds

Steering Gear 30mm(1418)CNC sides 20mn (0%79)Ds

16em(0%63)DS ends -
Director Tubes 8mm(0%315)DS 25mm (0% 98)DS

Bullt ats

SASEBO

KURE

Completed:

1942

February 1943

*Protection of -Uyodo unsubstantiated.
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D. Destroyers: TERUTSUKI, ASASHIO, KAGERO classes.

1. The three classes of destroyers listed above represented the three
latest destroyer design classes produced by the Japanese. Their destroy-
ers, before TERUTSUKI class, were equipped with a heavy torpedo battery,
and carried one reload per éube. The gun battery was concentrated aft, in
both ASASHIO and KAGERO classes because there was not sufficient space to
install two mounts forward, comfortably, without crowding the bridge struc-
ture into the smoke pipes. It is interesting to note that no helm control
is provided on the bridge for either ASAHIO or KAGERO, steering control
being located one deck below the bridge. Steering control was installed
‘on the bridge, however, in TERUTSUKI classe.

2, TERUTSUKI e¢lass of destroyers was a special design, with emphasis
placed on anti-aircraft fire or gun fire against ships of a similar type
-rather than torpedo fire. A new gun mount was designed for this class,

a high angle, high muzzle velocity and small bore (the diameter of the
tube was only 10 cm.), with the primary function of shooting down aircraft.

3. Designed speeds of Japanese destroyers were not umnreasonably high, in
fact, considering the speeds with which thel¥ heavy and light erulsers
were provided, it is surprising that they were not designed and built as
faster ships.

e The Characteristics of these three classes are tabulated on page 50.
They were taken from Enclosures (197) fhrough (225) and (282) through
(283). The latter two enclosures also contain information on a few se-
lected cruiserse.

B. [Escort Vesselss MATSU, MIKURA (UKU), SHIMUSHU, KAIBOKAN #1 and 2 classes.

i. There are few outstanding features incorporated in these vessels that
require comment. MATSU was the forerunner of the later escort vessels

and in her original design was conceived as a shipshaped vessel built zo
conventional lines. When 1t became apparent to the Japanese that great
numbers of escort vessels would be required to meet the menace of our sub-
.marine warfare, simplified lines were developed for MATSU, and the re=
mainder of the escort program was started. The simplification of the
lines to permit more rapid construction consisted primarily of developing
lines that required flat plates and plates with curvature in only one di-
rection. The ships were buillt in sub-assemblies as much as possible and -
erected on the building ways in blocks. The blocks were riveted together
to form the ship.

2. The propelling piants with which these ships were eguipped were as
follows:

NATSU 0+000060bses000esETOTEOROCOOSRGOISOCOEEOSS Steam turbines
MIKURA eccvesccocosccssssecosesssssssssece LWO diessl englnes
SHIMUSHU $0000CDI000590000003000000000800 Two diesel engines
KAIBOKAN #1 ecevvvosesscasesvececcesesssce Two diesel engines
KAIBOKAN #2 00CGOEES0 0P P E006000CE0088005000000 Steam turbine .

'The‘chaqfcteristics of the escort vessels are tabulated on pages 51

~ and 523 i
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DESTROYER CHARACTERISTICS

TERUTSUKI KAGERO ASASHIO

) 2478 2,524 2,450
Displacement 3,894 2 4700 2,045
: A 2,433 1,815

LOA E 134.2m(440%) [Abt. 117m(383') | Abt. 117m(383')
LIWL 132m (432') 116.2m(380") 115m(376%)
BTWL 11.6m (38') |  10.8m(3518) 10.35m(3413)
B=EXT ] » 1le6m (387) 10.8m(3518) 10.35m(3413)
| B-TWL ‘ 4.15m(1315) 3.76m(1213) 3.79m(12135)
Depth — 7.05m (2310) 6.46m(21") 6.3m (2016)

'

Longitudinal or Pris- ‘
matic Ccefficient ‘ ' 0.60 0.64 0.64

Midship Section Coefficient 0.87 0.82 0.80
40,5 47,8 44,2

Gy »
V DES 33 Kts. & 39 Kts. . 34 Kts.
V Trial 33.52 Kts. 35.2 Kts. 33.8/34.3 Kts.
Qc:-uisijng Radius/Speed 8,381m1/18 5,000mi/18 4,500n1/18
‘011 Capacity ' 1,072.16 tons 600 (594) 570 (563)

oM 1.07m(315) 1-0.95 m(3127-3116) 0.96m{3113) |
Stability [GZ 0.675m(212) 0.587 L(i—yLm 1151
Range 92.6Y 850-870 - 95.6°

Hogging Deck Tens. 8,2 tons psi| 8.46 tons psi 8.54 tons psi
Keel Comp. 6,95 tons psi| 6,88 tons psi 6,52 tons psi
Sagging Deck Comp. 5.84 tons psl| 6.53 tons psi 6,10 tons psi
Keel Tens. 6,62 tons psi| 6.99 Tons psi 6.27 tons psI

Strength

Bore/Caliber 10cm(3%94)/60( 12.7ecm(5")/50 12.7em(5%)/50
s Cal. Cal. Cal.
Type of Mount Twin Twin Twin
Angle of Elew j
vation 90° 750 7509
No,.- of Guns 8 6 6

Caliber 25mm & 73mm 25mn 25mm
. Deslgned: Single & Twin Twin
Type Triple

of Altered: ] Singles, | Singles, Twins, Singles, Twins,
Mount | Twins, Triples &riples Triples

No. of|Designed: ’ 29 4 4
Guns [Altered: About 30 About 25 About 25

Diameter 6lcm(24") 6lom(24%) 6lem(24m}) |

Torpedo: Type of Mount - Quadruplet Quadruplet Quadruplet
Tubes Hounts 1 2
Reloads One reload/tube [One reload/tube One reload/tube

Depth o 36 18 18
Charges Number ' 52 52 52

(O Welght 200 Kg(440) 200 Kg(440) 200 Kg(440)
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ESCORT VESSEL CHARACTERISTICS

MATSU MIKURA . ~ SHIMUSHU
’Disﬁlacement iggg 1,8?3:2 2?g§6
. 1320 741.4 760
LOA - 100m(327') - 78,77m 77.7m
LTWL 98m (320') 76.5m 76.2m
B-TWL H ' 9.35m(3015) 9.1m(2918) 9.1m(2918)
B-TWL | 3.4m(1111) 2.948m 2.99m
Depth | — ém (1916) 5.354n 5.3m(1713)
V DES | 27.8 19.7 19.93
V trial 28.3 19.37 20.31
| SHP 3 ' 19,000 4,288 4,214

Longitudinal or Prismatic ’
Coeffieient : 0.63 " 0.582 0.582

Midship Section Coefficient 0.80 0.796 0.807
L 1,55 1.24
ay - | 46,2 62.7 , 6642
Cruising Rad_ius/Speedi 3500/18 2,040/19.37 7000/14
0il Capacity _ 353 tons 133.85 tons 210,581 tons
Stability GM 0,95m(3310) 0.827m 0.92m(3102) |

(Trial Cond.) |GZ 0.45m(1147) 0.25m(0182) % o.zsm(ogszg,
S Range ~ 870-88Y 1100 110

|Hogging . Deck Tens. : psi .5 tons psi 4.5 tons psi
Keel Comp. . psi .3 tons psi 3.8 tons psi

Sagging _Deck Compe. psi .o tons psi |- 3.5 tons psi
. Kee}; Tens. psi .2 tons psi. 4.2 tons psi

Bore/Caliber 12,7m(5")/ 12,0cm/45 12.0cn/45
40-45 ~

.Strength

| 1 8ingle (Surface
1 Twin} HA Gun)

Main | Type of Mount I Single} as | L Single

1 Twin

No. of Guns 3 3 3

Caliber - : 25mm 25mm 25mm

ype of [DES ] Triple Triple Twin
Mount ALT Single Triple Triple
N, of DES ~ : 12 15 2
Guns [ ALT ? 3 3

Diameter 61lcm(24") None N~ -
Torpedo | Type of Mounts Quad. None N. |
Tubes No. of HMounts 1 ~— None None
: Reloads None None None

Depth | Number 36 120 36
|Charges | Weight ' 200kg (440#) 200kg (440#) 200kg (440#)

ﬁb.'of‘:‘;/'Throwers 1"Y"Gun | 16-18 Singles 7“Y"Gun§
*Light conditions.
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KAIBOKAN #1

KAIBOKAN #2

810

900

850

1,000

740

740

67-68m (219'-222!)

69-70m (226'-228")

66(2151)

66(215%)

8.4m(2784)

8.6m(2812)

2.9m(915)

3.05m(10")

5.0m(1613)

16.5

17.5

16.8

18,0

1900

2500

Longitudinal
Coefficient .

or Prismatic

0.56

0.56

Midship Section Coefficient

T
(ool

0.88
1,24
80

0.88
1.16
7945

Cruising Radius/Speed

6500/14

4500/14

- 0i1l Capacity

100 Tons

240 Tons

Stability

GM

0.77m(2152)

0.82m(2168)

GZ

0.350m(1114)

|(Tridl Conat)

Range

110°

0.4m (1131) |
111 100

,Hogging

Deck Tens.

4,0 tons psi

tons psi |

Keel Conmp.

3.0 tons psi

tons psi

Sagging

Deck Comp.

2.8 tons psi

tons psi

Keel Tens.

3.6 tons psi

Tons psi |

Main

Bore/Caliber

i 12,0en/45

12,0cm/45

Type of Mount

Single-HA

No. of Guns

Single-HA
2

2

AA MG

Calliber

25mm

Type of Mount

Triple

Single

No. of Guns

3

?

Torpedo Tubes

* No Tubes Provided

No Tubes Provided

Depth’ 
Charges‘ 

Number .

120

120

Weight

200kg (4407)

200kg (44047 |

No. of Thfowérs

12 Singles

12 Singles
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Fe . Landing Craft - SB Type

1. 0f the variety of landing craft the Japahnese developed, their SB
type falls between the U.S. Navy LSM and LST. It is smaller than the ST,
but has a decked over tank compartment similar to 1it. P

2. The craft was designed to land on'a beach slope of 59, The beaching
characteristics were achieved by cutting up the bottom of the ship forward
and fitting two runners or keels;to the ship's bottom at the bow, the
angle between the runners and the base line of the vessel belng §°.

These ships were not built with a drag as were LST and LSM. ‘

3. The tank capacity for the size of the ship was small. The tapks
were discharged from the tank deck and upper deck in much the same mannex
as was used in later LST's. Enclosures (243) through (246) show the SB
type landing erafte.

4, The characteristics of this landing craft were as follows:
LARGE LAKDING CRAFT, SB TYPE CHARACTERISTICS

Displacement, Trial sescescecececscssccscoscscecsonsoccscscseces 1020 tons
DisplaCement-, FUll ceecesctccecsacsescsessccccsscsscccecanscee 1100 tons
Displacement, Landing esgsesesesecs 1020 tons (includes water ballast)
LOA cscccoosenccngecsoca/ioecssacceeossvescsnesosecaseecs 80.52 (263°)
LTWI, 000000000000 00000062/t0000000000000000008000060009000000¢ 75= (2‘5')
BeTlL ccoeccescscsecessioecscncecsessssssesecosscecnecdres 9.dm (29‘?)
H-TWL : ‘
" FOFWAIA cesecoeasvcescsncnscnccnsssersccccscsscenarensoces 2.67n
Art ..O"‘..°.°.....'.......'°.°'........«..-.O..I-..OGD.."G..O .2h
AT .. MECAN 0000000000000 0000000000060-00030000000000000800 209“(9‘61’
// Dept.h .’.‘.‘.......'.......'.'........‘0....’.....0...’.'.. 5.6.! (18&3)
V DES 0¢0000000000000000e0000030000000003¢000¢0003000002003080 16 Xnots
SHP cc0e00000000030000000000000000008000000000000000005:200000008 2500
Longitudinal or Prismatic Coefficient cecoecvossseecscescreceescsee 0055
Hidship Section Coefficient scsceccccosconscscscsssccceccscsscosee 0.91
; v,f ) © 99 esEe00ees00000003000C0DRDS00ER0R 1.02
g 9500060600000 00500800000000000000008 69.5
C sing Radius - at 16 KNOtS esessscsscessscecsceccsscsoccsesno ].3(!1!1
. . at 14 knots 0G00000000e0008000800000080080880 17@)!1
01l Capacity eececcosncesccescccsocrcsncsossoosecscootancecse 208 tons
GH cececeacecvacssevevessecoscsnccave 0a7n(2328) (designed GM - o.g&

RANZE eeeveece0e00recescevsscoesessossscscensrsncccssscecens Over

nt . :
gcm(3§l§) HA BUD cecoceveccsscecocseccecssecceeosessensnsscansed 1l

5m 9080000000050 CIR00OCRD 15 -2 t'in, 11 Singla mounts
“‘Tanks < .
30 tOf cevevenssssccsensccsccecos 5 -3 in hold, 2 on upper deck
; 18 tON eceesesccesssscvccssscence 7 - & in hold, 3 on upper deek
: 8 TON ecesscnscensescesscsccecesce 9 - 5 in hO].d’ 4 on upper deeck
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- ENCLOSURE (A)

~ LIST .OF DOCUMENTS FORWARDED TO BUREAU OF SHIPS

(The documents listed below ase considered enclosures to this
rqport‘fqr purposes qf reference.)

Enclosure No. - EgvTechJég Nos Contents

ND50-1000,1-" YAMATO:  Weight tables
' 2 Center of gravity tests
’ General arrangement
General arrangement
General arrangement
General arrangement
Stability curves
Structural midship section
Protection arrangement
C I Lines
RD50-1001.1 KATSURAGI: Particulars
2 Center of gravity test
Stability
Flooding calculations
Stability tests
Offsets
Forward hull lines
Lineq drawing
Forward body plan
* Aft body plan
Displacement & other curves
Displacement curves .
Height of decks and frame .
spacing «
Wiater & oil tight compartment
Water & coll tight compartment
Water & oll tight compartment
Deck plans
Deck plans
Deck plans
Deck plans
Deck plans
Water & oil tight compartment
8tructursl midship section
Shell expansion forward below
lower deck
Aft shell expansion under
lower deck
Shell expansion lower to
uppermost deeck
Aft shell expansion between
lower and uppermost deck
Lomer deck armor amidships
Inner bottom plating
Forward gasoline tank con-
- struction
Transverse bulkheads 89,72,55
Transverse bulkhead 8° belcw
lowermost deck
Transverse bulkheads 13,21,33,
55 above lower deck
Armor arrangement

1
2. .
3
N 7: '45.
2
)
9A
10
11
2
13
16 -
1
1 R
G-
20
21
ez
2
26
O
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ENCLOSURE {4), continued

Enclosure Noe . -HavTechigp Noe . Contents

44 * ND50-1001,35 KATSURAGIs Side aﬁgor construction amid-
, R . : ships
45 T R «36 ~ Fire main pipe, and drain
; EEEE : - . plpe diagram
46 S  e37 , Drainage pipe system
47 S 38 : Bilze pipe diagram
48 e : Diagrammatic arrangement of
gas system
Diagrammatic arrangement of
gas systen
Foam system '
Hangar foam sprinkling systen
Sprinkler system
Aft ventilation diagram
Forward ventilation dlagram
Ventilation of aft comparte
ment surrounding gas
tanks
'Blevator arrangement section
Arrangement forward elevator
. side elsvation
i " ¢49 Arrangement forward elevator
’ oo plan view
. = ND50=1002.1 -Stability tests
e 2 . Stabllity data
Lines drawing
Body plan
Displacement curves
General arrangement
Protection arrangement
Structurel midship section
General description
Lines
Curves of stability
SHINANO: .= Bxplanation of stability
- Result of inclining experi-
: ment
Forward structural section
Aft structural seation .
General arrangement
Armor arrangement
Lines
Structural midship aection
ATAGO: Stabllity data
Data on flocding
Stability improvezent tests
Stability data
Offsets
Aft hull form
Lines drawing
Lines, bhull form
Stern profile
Body plan
Bow profile ’
Displacement & other curves
Displacement data
Displacement tests at anchor
- -Outboard profile




RESTRICTED

ENCLOSURE (4}, continued

Enclosure Ho. HavPechjap No. . - " Contents

FD50=1004,16 ATAGOs Inboard profile : )
. «17 . Water & oil tight compartments
«18 Water & oll tight compartments
«19 Plan view of flight deck, AA
. gun deck & bridges
+20: : Plan view of superstructure
21 Plan view of upper deck
022 Plan view of middle deck
23 - - Plan view of lower deck
24 : Plan view of hold deck
25 Plan view of hold
«26 Structural midship section
27 4ol Structural midshiy section
«28 - Varlous transverse sections
«29 Protection arrangement
«30 Protection arrangement .
+31 +Fire main pipe & other diae
: . grams
32 : Fire prevention sprinkler sys-
tem for AA guns & bridge
decks
«33 . Fire prevention piping for
middle & upper deck
234 - Fire control sprinkler system
) for holds, lower and
T middle decks
o35 Fire prevention piping for
: ships hold & lower deck
036 Fire prevention piping for
ship's hold & bettom
37 Profile of drainage control
system
Plan view- of drainage control
system
FPorward drain pipe system
Midship drain pipe system
Aft drain pipe system
Ventilation diagran
Bridge ventilation sysiem
Ventilation system for upper
& AA gun decks .
. Ventilation system for lower
& middle decks
Ventilation system for hold &
hold deck
Stability test results
Stability data
Flooding data
Floodlng data
Offsets
Lines drawing
Displacement curves
Genaral arrangement, outboard
profile & superstructure
plan :
Water~-tight compartments, etce
Water-& oll-tight compartments
Structural midship section
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BNCLOSURE (4), continued

Enclosure No. _ xéﬂecha‘gg No. ontent

136 . KD50=~1005.12 - Structural forward section

137 ‘ «13 . Structural aft section

138 " el : Profile

139 1 Forward profile

140 : _ 216 : Forward :hell plating urrange-

e men'

141 : % ‘ Aft shell plating arrangement

142 : o1 . Midship :hell plating arrange-
: men

143 ' Armor arrangement

144 «1 Designed particulars

ia5 : Designed weight & C.G.

146 . Lines

147 - ; : Body plan

148 . : . Pire main & drain pipe diz-

gram
Drain pipe diagram
Forward ventilation diagranm
Aft ventilation diagram
Particulars
Welght & C.G. tests
Stability
Lines
Body plans
° Displacement & other curves
ND50~1007.7 : Gensral arrangement profile,
. Upper plan & bridge plan
«8 General arrangement, profile
& upper deck
<9 General arrangement, sections
10 General arrangement: Main
deck, lower deck & hecld
, deck
11 General arrangement: Hold &
: double bottom
ND50-1007,.12 SAKAWAS Water & air tests for water,
' . ‘01l & alr-tight coa-
partments
<13 NOSHIRO: Structui;% section, forward
&
=14 YAHAGI: Structural section, forward
. & aft
‘215 SAKAWA: Transverse bulkheads below
, middle deck
18 : Gasoline tanks
«19 Armor arrangement
«20 YAHAGI: Fire main pipe diagram
«21 SAKAWAS Partial drainage diagram
022 Ventllation diagran forward
#23 Ventilation diasgram, aft
024 NOSHIRO: Structural mldship section
ND50-1008.1 0Y0DO: Particulars
- @2 Test results of C. of G.
Designed welghts & C.G.'s
C.G. test results
Trim curves for various speeds
- ¥looding data -
Stability notes




Enclosure No,

182 :

183
;184
The o185

186

e 188 L

‘189
190 -

191
192

~x 193

194
195

7 R et
%+t NDG0-1009.1

=197 : .
19
199
200 -
201

I
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ENCLOSURE (4), continued

i ‘NavIechJap No,
- ND50-1008

«8
9
10
o1l

012
13

© el4

- el9

<16

: ?l7

- .. | ND50~1010
. ND50<1011.1

<

- . ND50-1012

. el9

«20
21

14
15

16
°17

.18
ol
2

o2
ol
2

3

0Y0DO:

-. Contents

Lines drawing
0ffsets

Body plan
Displacement curves

. OQutboard profille

Inboard profile

- Inboard profile

Inboard profile
Inner bottom plating & longi-
tudinal butts

. General arrangement, upper

decks
Upper deck structure, forward
Midship section

- Structural midship section

'HARUTSUKI s

TERUTSUKI
HATSUZUKI:

TERUTSUKI:

NATSUZUKI:
HATSUZUKI:

HARUTSUKI}

NATSUZUKI:
KAGERO:.

MICHISHIOs!

OYASHIO:
ASASHIO:

OYASHIO:
UKU:

URU, KUGA:
UKU:

Profile of comstruction

Rudder head, support of

Emergency rudder

Particulars

Results of C.G. tests

Stability

Characteristic curves

Lines

Body plan

Outboa®d profile & super-
structure plan

Inboard profile, main deck &
. bridges

Sections & double bottom plan

“Deck & hold plan

General arrangement after
_ alteration
General arrangement after
alteration
Structural forward & aft sec~-
- tions
Shell plating
Forward transverse compart-
ments
Forward compartments
Diagrammatic piping arrange-~
ment
Ventilation diagram
Midship section
General arrangement
C. of G, tests after zltera~
tion
Light condition calculation
Stability
Displacement & other curves
Midship section

. Piping diagram

Piping dlagram

Ventilation diagram

Ventilation diagram

Particulars

Offsets

Outboard profile, main deck &
bridges
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ENCLOSURE (A), continued

Enclosure No, Havlechiap No. Contents

ND50-1012.4 Inboard profile, main deck
. arrangement
*5 ' Arrangement sections
, ‘ N Lower deck & hold plan
KD50-1013.1 ETOROFU: Particulars
: Y Co of G. tests
Wt. & stablility curves
Flooding
Lines
Displacement & other curves
Outboard profile mainrn deck &
bridges
Inboard profile & bridges
Arrangement sections
Various deck plans
i1 Structural midship section
ND50-1014,1 Bow door construction
02 Arrangement of bow & deck
ramp operating gear
3 . Arrangement of shell plating

. o General arrangement
ND50-1015.1 Armor plate
o 2 ' Experiment on riveted joints
i 3 Riveting instructions for cruiser SAXAWA
i Historical development of the application
of electric arc welding on
hull of Japanese warship-
Rules for inspection of welding on hull
construction
Welding symbols & types of connections
Practical application of welding to naval
surface vessels
Results of testing welding on armocr plate
Records of methods of erection of BB )
YAMATO: four blueprint leaf-
lets
Weight classification pamphlets
Comparison of welghts of various ships
for welght estimating
Comparison of calculated & actual reights
for various destroyers
Stability tables of various ships
Warship construction and equipment, two
volumes
Data for the structural design of our
snips (recent cruisers & de-
stroyers)
Longitudinal stress data for miscellan- ~
eous ships
Limits of plating requiring compensation
for holes cut in strength
deck or shell plating CV
KATSURAGI
Comparative midshlip sections, battleships
Comparative midship sections, aircraft
carriers
Comparative midship sections, cruisers
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ENCLOSURE (4}, continued

Enclosure No. NgvTechJap No. { . Contents

266 - WD50-1015,20 Comparative midship sections, torpedo
S o boat destroyers
267 : : : 021 Specifications for welding of small
o o £illings on warships
‘. 268 g C 822 Reinforcing in way of uptakes on upper-
’ -most deck, KATSURAGI -
269 . 23 Deflection of main bulkhead of IBD by
' : -water pressure
270 _ : 24 Typlcal bilge keel
273 29 Shaft structgre gf TBD ODORC (FUBUKI
o - Class
t 292 26 Rudder framing & scantling plan,
S KATSURAGI
= 273 ‘ T «27 Rudder framing & scantling plan,
. ) 2 L . KATSURAGI
- 274 : ‘ 28 Principal items of ships, SAKAWA &
- UKIKAZE
27% . - T e29 Ventilation research by Mr. ET0
276 - - ' . 30 Specifications for piping, KATBOKAN
- . ) ) Type D
277 S 31 Tables for ventilating equipment,
S ~ ‘ ‘ordinary warships
278 C - 32 Armor joint calculations
LR79 . 33 Armor gratings, KATSURAGI
- 280 : . o34 Ventilation calculations, SHOKAKU
281 - B 35 Graphical explanation of steering
) . . apparatus by oll pressure
282 e36 General arrangement of miscellaneocus
S ~ warships
283 - 37 General arrangement of TBD's

Bo:pfatactinn-arrangement plan was prepared for SHINANO, as
her protection,systgm was essentially the same as YAMATO.





