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SUMMARY

ORDNANCE TARGETS
JAPANESE 18-INCH GUNS AND MOUNTS

The 46cm (18-inch) triple mount was the first large mount ever de-
signed and produced by the Japanese which was not practically identical with
the large British mounts designed- prior to World War I and bullt for the
battleship XONGO. In elmost every part of the 18-inch mount a complete de-
parture from this old design was made. For shell and powder hoists the Jepa-
nese 18-inch mount was copied, but, generally speaking, the mechanisms were
.unique., Compared with British and U.S. practice, (16-inch, ik-inch end 8-imth),
the mount was slimple in design. It had no complicated hydraulic safety inter-
locks and comparatively few mechanical ones. Reliance was placed on good drill
to avoid accidents, Even taking lnto account the size of the gun, the generel
impression gathered is that an unduly large factor of safety had been allowed
in the design of the turret machinery as a whole, resulting in & very heavy
mount, the total revolving weight cf one turret being 2,510 metric tons.

A very satisfactory rate of fire was obtained for & gun of this size:
1.5 rounds per minute at full elevation. A maximum range of slightly under
46,000 yds was obtained with a 3,220 1b shell,

The most interesting features of the mount were (&) the method of
stowing and moving shells about the shell and shell-handling rooms using &
fairly simple, but bulky and heavy mechanism; (b) the powder cage and rammer,
designed to enable & full charge to be loaded by & single rammer stroke; and
{e¢) the attachment of the elevating piston rod to the slide which was designed
to avoid the necessity for a complicated slide locking gear, and to reduce the
loading cycle time by cutting.out the time usually requlred for locking and
unlocklng the slide.

Other mechanlsms worthy of note are as follows

1, The powder bogie and mechanism for transferring powder from the

‘ fixed to the moving structure,

2, The gunhouse shell bogie and rammer,

3. The wormless training gear; with its "coaster" gear substitute
for the normal friction discs.

L4, The electric cable leading~-in gear.,

It was stated by the Japanese that considerable attention had been
paid to flashtightness throughout the turret., Although this was probably not
up to U.S. and British standards, it is difficult to give a definite opinion
on this point without having seen a completed turret., The performance of the
turret in service was consldered by the Japanese to have been very satisfac-
tory with the exception that large quantities of lubricating o0il, which the
Japenese could i1l afford, were required by the training and powder hoist
gears, Spreads of salvos were reasonably small, (about 500 to 600 yerds at
maximum range). The blast effect, partlcularly on the bridge, was found to be
very severe.

The 18-inch guns of YAMATO AND MUSASHI were used in action against
‘airceraft and for bombardment.

NTJ«Ls0-45
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Without having seen one of these turrets in operation or even a com-
pleted turret, an opinion will not be expressed on its probable performance or
4ts value &s a weapon beyond that already given above. The statements of the
Japanese, however, are considered to be well-founded.
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REFERENCES

Iocation of Target:
Kamegekubi Proving Ground about 15 miles SW of KURE.
" Japanese Personnel who Assisted in Gathering Documents,

No documents- have been gathered, but various sketches have been prepared
from memory and statistical data supplied by:

Mr. T. OTANI, Engineer, Kure Arsenal. .

Mr. R. SUGIYAMA Engineer Kure Arsenal,

Captains IWASHIMA DATE AND MAKINO of Demobilizetion Bureau, TOKYD,
formerly Ordnance Technical Officers of Japanese Navy,

Jepenese Personnel Interviewed:

Captain IWASHIMA, Head of the Guns and Powder Department of the Navy
Technical Department TOKY0, since 1938; cen read and write
English, but speaks very 11ttle.

Engineer Tech. Ceptain DATE, Head of Gun Mount Design Section of the
Navy Technical Department TOKY0, was of greet assistance in -
correcting and adding to information from KURE. Speaks and un=-
derstands English well.

Engineer Captain YﬁSUNAMI Chief of Ordnance Design Department of
Kure Navy Yard Ordnance Department since 1943. He was treined
as an Ordnance Engineer (guns and mounts) at the Naval Academy,
TOKYO, and has spent some years in France studylng m&chine-gun
design. He wes very helpful and collaborated in producing per-
.sonnel for interviewing at KGRE. Although he spoke very little
English, he could maeke himself reasonably well understood in
French. He has not, however, a very detailed knowledge of the
18-inch design.

Toyokichi OTANI civilian engineer of the Ordnance Department of
Kure Navy Yard holding a rank corresponding Lo Commander. He
started work as an apprentice draftmen in the Ordnance Depart-
ment of Kure Navy Yerd in 1906, Since then he has been employed
on the design of major calibre mounts and hydraulic engines and
has been to the position of "Engineer"™ with relative rank of
Commander. Although not actually employed on the design of the
18-inch mount, -He has a fair knowledge of 1ts construction. He
has written sevexal books on machine design end mechanical en-
gineering &nd a@ppeers to be & thoroughly capable and industrious
engineer. He was most helpful anéd reads and writes English
quite well, but can speak or understand very little.

Ryusaku SUGIYAMA - training and career similar to OTANI's with rela-
tive rank of ILieutenant Commender, worked directly under the
chief designer of the 18-inch mount of which he has & very de-
talled knowledge. Was helpful, but unfortunately has no know-
ledge of English.

Constructor Ceptain S, MAKINO, of the Navy Technical Department,

TOKYO, speaks English fairly well. Sapplied information on lay-
out of megazine and shell rooms and ring bulkhead construction.

5
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Mr., MAENO, Engineer at Kure Ordnance Department before retirement to

‘ HIROSHIMA. Was responsible for the design of the cradle and
slide of the 18-inch mount, but was of little value in giving
information. h

Lt. Comdr. MATSAMURA - Kure Ordnence Department; trained at Tokushima
A ‘Pechnical College and was & specialist in gunnery engineering.
Has fair knowledge of the 18-inch mount and speaks English rea-
sonably well. ‘

Haraoc KATAOKA - Assistant Engineer, Ordnance Department, Kure Naval
Arsenal; supervised construction of guns.

Captein MITSUI, Head of Ordnence Experimental Department, KURE; am-
munition and fuze specialist,

Captain Kichiro KURODA - Gunnery Officer of YAMATO at time of sink-
ing. Hed but a slight knowledge of the gunnery material of
: this ship.




RESTRICTED | 0-45(N)

INTRODUCTION

.. The answer to the long debated question, "What size guns did YAMATO
and MUSASHI carry?" has been known for some time. They were 18-inch, 45
calibre guns, The objects of the investigation, which is the subject of this
report, were:

1. To obtain data on the internal and external ballistics of the gun
' and general information on its method of construction.
2. To obtain as much detailed information as possible on the mount.

., At a preliminery interview on 23 November 1945 with Captain IWASEDMA,
IJN, Head of the Gun Section of the Navy Technical Department, TOKYO, & small
amount of data on the gun was obtained. A list of some 50 questions on the
salient features of the 18-inch guns and mounts and all others in use in the
Jepanese Navy since 1927 was presented to him.. The answers to these were, un-
fortunately, not received until some five weeks later. In the meantime, in-
vestigations were carried out at KURE, where the guns and mounts were built.
NavTechJap personnel at KURE had already collected a small pamphlet voluntari-
ly prepared by Engineer Captain YASUNAMI, head of the Naval Ordneance Depart-~
ment of Kure Navy Yard. It gave a considerable amount of statistical dats on
the guns and mount, which after checking, and in many instances altering, have
all been embodied in this report.

All documents and drawings of the guns end mounts are reputed either
to have been destroyed by bombing or deliberatly burned. There heas been no
success in proving otherwise, so all informetion contained in this report is
based on visual examination of the guns, and such part of the mounts as were
available, and on discussions with Japanese personnel,

During the first interview with Captain YASUNAMI it was -learned that
& partially completed turntable and some 18-inch guns for SHINANO could be
seen at one of the proving grounds at KAMEGAKUBI, and some turret training en-
gines in the Navy Yard. This, to the best of his and his assistants!' knoviedge,
was all that remained to be seen of these mounts. The first visi%t to the Drov-
ing ground however, showed this to be incorrect, as another turntable and an
upper and lower powder and shell handling room for a trial mount were also
found, These also were only partially completed. During the subsequent visits,
more and more pieces of turret machinery, packed in crates, were discovered,
Most of this machinery was very inaccessible as these were in very heavy cretes,
stowed one above the other, and without a powerful crane (the one available was
not in working condition) they could not be cleared away and opened up for ex-
amination. They were studied as carefully &s could be done with the cases in
place by breaking open the sides of the packing cases where possible.

-Over a period of five weéks the Japanese at KURE were questioned on
this mount and others, ahd put to work producing sketches of the more interest-
ing parts of machinery.

Attempts to get the Japanese to produce a detailed and ecomprehensive
description of the mount, or, for thet matter, of any part of it, proved
singularly ineffective, as only the most sketchy answers were produced. This
was quite definitely not because they were trying to withhold information, but
"beceuse they were incapable of thinking along those lines, and because all in-
formation had to be given entirely from memory. ’

7
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 Further information was obtained on returning to TOKYO in January

1946 from Engineer Captain DATE, a very capable engineer with a thorough know-

ledge of gun mounts, end a sound knowledge of the English language, Many ideas
and impressions obtained at KURE were both clarified and corrected by him.
Part I of the report gives a general description ‘and statistical

date on the gun and mount, and Part IT deals witi the mount in more deteil.
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THE REPORT

» Part I
HISTORY; GENERAL DESCRIPTION, AND DATA OF GUNS ANT MOUNTS

HISTORICAL
1. Shortly after World War I, Rure Naval Arsenal and the associated
Kamegakubl Proving Ground began work on & 48cm (18.9-inch)/45 calibre
gun, The gun was wire-wound only near the breech. The first gun split
during test firing, and a second was constructed; this was still at
KAMEGAKUBI in December 1945, (Figures 1 and 2), together with its cradle
-and slide (Figure 3) which are copies of the British 15-inch design pro-
duced before World War I. Work on guns of this calibrelwas stopped by
the Washington Treaty and the subject remained in abeyance in Japan for
the next 12 years.

2. In 1934 the topic of large naval guns was reopened in Japan with the
problem of the armament to be carried by the new battleships YAMATO and

* MUSASEI. It was felt that 48cm was too heavy to be suitable, but that a
positive advance over 4Ocm (1l6-inch) would have to be made in order to
attain a definite superiority over United States (l6-inch) gun battle-
ships, and so a Lbem (18,1l-inch) was selected. The gun (or, more
correctly, the breech mechanism) was designated Type 94 after the year
the: design was commenced, and in order to keep its actual calibre a
secret, it was always referred to as LOcm/45 calibre Type 9i.

3. The design of the 18-inch guns and mounts was completed and produc-
tion commenced in 1939-40. Design work was largely the effort of the
late Engineer C. HADA, who was responsible for the design of most large
mounts for the IJN during the 4O years preceeding his death in 1943,

Le It was originally intended to build three 18-inch battleships:
YAMATO, MUSASHI and SHINANO. The latter was altered to an aircraft
carrier while still building at YOKOSUKA. They carried nine 18-inch guns
in three triple turrets as shown in Figure 7. These ships had a stendard
displacement of approximately 70,000 tons. Their designed speed was 27
knots with & shaft horsepower of 150,000, a waterline length of 256
‘meters (838 feet) and waterline besm of 36.9 meters (121 feet). YAMATO
attained a speed of R7.7 knots on trials,

5e All 18-inch guns and mounts were built in the Ordnance Devartment of
Kure Navel Yard under the supervision of the late Engineer M. OYAMADA and
Adm, T. ITO. The number of mounts built is as follows: six complete
mounts. one trial mount (Figures 8 to 11) completed only sufticiently for
pit trials of vurret macninery; one partially coupleted turntable for
SHINANO (Figures 54 vo 57), and numerous portions of her turret machirery
including all her cradles and slides, (Figures 46 to 48, 51, 61).

6. Some 27 of the guns were built in all, ZEighteen were lost with
YAMATO and MUSASHI; two test guns at KAMEGAKUBI were demolished in
November 1945 in accordance with general disarmament orders of the United
States Army; and the remaining seven in various stéges of completion were
found on the beach in a cove north of KAMEGAKUBI. Two of these have been
shipped to the United States, and the remainder were scheduled for demo-
lition, The seven had been under construction at Kure Arsenal for SER®NO
and the finished and unfinished guns and parts, as well as the special
tocls for making them, were sll moved to the cove and stored there with
very little maintenance or protection against corrosion,

9




Figure 1
19-INCH - 45 CALIBRE GUN

ON PROVING GROUND AT KAMEGAKUSI

Figure 2
(SAME AS FIGURE 2)




7 Figure 3
SLIDE FOR 19-INCH GUN
(A) Upper cap for rear cradle

(B) Front cradle
(C) Rear cradle (lower hortion)

Figure 4
18-INCH GUNS AT KANEGAKUBI
[BALANCE WEIGHTS NOT FITTED)

0-45(N)
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Figure 5

(SAME AS FIGURE 4} :
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Figure 6 .

i8—INCH GUN (LESS SALANCE WEIGHT)
SHOWING ASSEMBLED BREECH MECHANISH
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TRIAL
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GENERAL VIEWS 18-INCH'
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(SAME AS FIGURE 8)




Figure 10
GENERAL EXTERIOR VIEW OF 18-INCH
UPPER AND LOWER SHELL HANDLING ROOMS (TRIAL MOUKT)
. (4) Upper shell handling room -
(B) Lower shell handling rcoer

(C) Baiance weights

Figure 11 )
GENERAL VIEW SHOWING 18-INCH SLLIDES AND ONE 16-INCKH SLIDE
(3} Shell handling roon
(C) 18-inch slides
(D) 16-irca <lides
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B. GENERAL. DESCRTIPTTON AND DATA

l. Guns
a, General:

DesignBtioNn .v.veceececranesessesss hOcm/L45 calibre Type 94
Actual CBLIDTE ieiceecssncssacsasssacenss bbem (18,11-inch)
Length OVeT8ll .e.oeeecaccsocssacosansaass 09 feet 1li-inch
Weight, with DreeCh ...vsveveecceccssssasceswesses 363,000 1b

b. Constructiont! The gun barrels combined the processes of wire-
winding end redial expansion. The #ZA tube rern the full length of
- the gun; over this was shrunk the #3A, which extended about 3/5 the
length from the breech, and the two were wire-wound with rings at
the muzzle about half way back, the #4A, which covered about 2/3 the
length from the breech, and the #5A, which covered the breech and
the after part of the powder chamber. Belleville springs of silicon
steel were fitted in the angles where the tubes changed diameter to
take part of the stress caused by thermal expansion in firing. The
#14 tube was finally radially expanded into place with hydraulic
pressure of 110,000 to 120,000 psi. The bore was divided into three
parts and the breech third was given the greatest expansion,

) é After insertlng the liner, the bore was rifled with 72 grooves,
Lo6mm (0.181-inch) deep, with tniform twist, one turn in 28 calibres.

When the liner was worn out, it could only be removed by machlnlng oub
and inserting a new #1 tube. In practice this was so expensive a process
that it was considered more practical to discard the gun without relinin

3. Tnterior Ballistics:

Cross-section of bore .... eesssesc 1698 sq cm (263.19 sa in)

Travel of projectile ...eeeceesccecnnsasiees 17.590 m (57,71 ft)

Chamber vOlume ...coee.. eeee 480 liters (29,290 cu in)

SETViCe DPIreSSUTE eccocecsssescsessses 30 t0 32 kg/sa mm (19.1 to
: 20.4 tons/sq in)

Weight of projectile
AP and target) ...eeee..... 1460 kg (3220-1D) 2m/d3...1 08
(IS end common) ..seeeecesess 1360 kg (3000~ lb) 2m/d3...1.01
Muzzle velocity {3220-1D) cieevsacsasess 780 m/sec (2556 ft/sec)
(3000=1Db) vevseesnneses. 805 m/sec (2640 f£t/sec)
Service CHAPZE .ceeeseecarcrsassnvesscnesascsnsss 330 kg (728 lb)

Reduced. charges were also furnished for training and target rounds. They
were designated "reduced" and "weak.™ "Reduced" gave about 2/3 of ser-
vice velocity and was rated at 1/4 esr while "Weak was rated at 1/2 esr,
The life of the gun was not definitely determined, but was estimated at
about 200 to 250 equivalent service rounds,

Service charges were cordite, made up in six sections per round. The
begs used were wool until 1942, after which silk was adopted. Each bag
had an ignition charge or 500 grams (1.1 1b) of black powder in a sepa-
rate silk bag in one end, which was dyed red and was always loaded to-
ward ‘.he breech,

L. Exterior Ballistics:

No range table for the 46cm gun was recovered, and the Japanese officers
interviewed claimed that all naval range tables were burned in August
1945, The followi particulars have, however, been obtalned for the
trajectory of the L6bcm gun with service charges:

16
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Blevation Renge (yds) Time of Flight (sec)

10° 18,410 26.05
20° 30,530 49,21
30° ¢ 39,180 70.27
_ Loo Ll ,510 89.42
L50% 45,960 98.6
L8 4L6,050%* 104
50° 45,790 106.66

* (maximum elevation of gun as installed)
** (maximum)

When mounted in a triple mount, with bore separation 350cm (11,.48
delay of 0.08 seconds was introduced in the firing circuit of the
gun,

5. Mount and Miscellaneous Dsata

. a, Weights (In metric tons):

Three guns and breech mechanisms ... . . tons
(363,000 lbs/gun, 165 tons/gun)

Remainder of elevating parts . ++e.. 228 tons

Turntable (less armor, guns, and eleveting rarts).. 350 tons

Remainder of training parts below turntable ....... L7 tons

Gunhouse armor Tttt titttttseaienee.s 790 tons

—

Total Revolving Weight ' = 2510 tons

Gunhouse armor thickness:

Front ettt ittt it iy, 650mm (25.6-inch)
Side M R 250mm.§9.85-inch)
)

)

Back ...ol.o.......l..t..'t.oo.-...---nol. lgomm 7.14-9—in0h
Roof eoc..ooo.o.:--.--o--o.uoo...-..o-u-o 270mm (lo.éB-iHCh

Dimensions:
==Fasions

Diameter of roller path (Internal),. 11.500 meters (37,72 fy
(External).. 13.050 meters (42.8 ft)
Height from center line of guns to roller path,......
4.40 meters (14.43
Distance from center of rotation to trunnions.
(In fore and aft line) ........ 3.250 meters (10.68
Distance between center lines of guns .... 3.50 m (11.48
Length of recoil Stettreeseceaitiieniiiie. 1430 m (4,69

Rate of fire (See Part II, ¢, paragraph 27):

1.5 rounds per minute et meximum elevation,
Toading angle is fixed at 3° elevation.

€. Power supply: Three turbo hydraulic pumps (and one standby
pump)” supply bressure at 1000-1100 bsi through a ring mein to center
pivots below the lower cordite handling rooms, 8telr was used as a
bressure medium, For further details of these bumps, reference
should be made to NavTechJeap Report, "Hydraulic Pumps in Japanese
Naval Ordnance", Index No. 0-53(N). No local pump was fitted in
turrets for auxilisry purposes,

f. Turret Rangefinder: 15 meter (49,2 ft), with an elevetion of
+10°Tand free training of 160 mils Right, 130 mils rert.
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e Iocal sights: 10cm telescopes (one ner gun). Free training
seme as rapge%{naer.

he Ventilation: Supply is by three 2.5 hp fans; exhaust by five
5 hp Tans.

i,  Ammunition stowege: (See Part II, C, parsgraph 6):

180 shells in revolving structure ........ 60 rounds per gun
120 shells in shell TOOMSB cceveeccccccacce L0 rounds per gum
TOLEL svseecocescessancscosssosesssosacconsns 100 rounds per gun

6. Tigure 12 shows a sectional elevation of the turret, which is built
and transported in five distinct sections, namely:

8. Center pivot amd cable "lead in" gear (Figure 13)

b. Tower and upper cordite handling rooms (Figures 14 to 21)

¢c. Iower and upper shell handling rooms (Figures 10, 11, 27)

de Turnteble, complete with gunhouse deck and trunnion brackets.
' (Figures &, 9, and 52 to 60)

e. Gunhouse armor.

7. Magazines and Cordite Supply (See part II, B, paragraphs 1 %o 14)

Magazines were fitted around both the upper and lower cordite handling

rooms. The lower magezine supplies the center gun only, and the upper

supplies the two outer guns by a cage and wire type hoist operated by a
hydreulic winch mechanism. The cege was hoisted directly from handling
room to0 gunhouse. "

8. Shell Rooms and Shell Supply (See Part II, c, paregraphs 1 to 1k4)

Shell rcoms and handling rooms were above the megazines., Half tie quan-
tity of shells carried were stowed in the revolving structure and half in
the shell rooms, from which it was supplied to the lower. shell handling
roome only. An original design of "push-pull" gear was used to move
shells about in these compertments. vpusher” type hoists, capable of be-
ing loaded in either of the shell. handling rooms, raised the shells to
the gunhouse. Shells were stowed vertieally, being tilted horizontal
only upon reaching the tilting bucket in the gunhouse,. Separate gunhouse
remmers were used for remming shell and cordite, the latter being loaded
in six one-sixth chearges by & single rammer siroke,

9. - Turret Trainming (See Part II, C, paragraphs 20 to 23)

Turrets were trained by special 500 hp vertical swashplate engines,
through straight-tonthed pinion gears, without the use of worm and worm
wheel, Two euntirely independent training motors were fitted in each
turret, but oaly one was used at a time.

_ Maximum treining speed = 2°9/sec
10, Elevating Gear (See Part II, C, paragraphs 24 to 26)

guns were elevated by a normal piston and cylinder type of elevating
gear, The connection of the piston rod to the slide was, however, of
novel design, in that it was movable longitudinally along the gun.

Meximum elevating speed = 69/sec (designed) and 8%°/sec actual
Maximum angle of elevating and depressing = + 459, - 50
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11. Recoil and Run-Qut (See Part II, C, paragraph 31)

wa recoil cylinders using glycerine and water, and two poneumatic run-out
eylinders were fitted to each gun., An additional cylinder, also using
glycerine and water, was utilized to control the speed of run-out.

12, Ring Bulkhead and Armor

The highest position . at which the ring bulkhead was secured to the ship,
was at the ‘lower shell handling room level on the lower deck: from this
point upwards, it was a free cylinder.

The madin deck was the armored deck, being of 200mm (7.88 inch) armor.
Magazines and handling rooms were orotected from underwater explosion by
a "triple bottom" of 75 to. 80mm (3i inch) plating,

Part II
DETATLED DESCRIPTION OF MOUNT

CENTER PIVOT, HIGH PRESSURE AIR, AND CABLE IEAD-IN ARRANGEMENTS

1. Hydreaulic pressure was led int. the turret by a fairly normal design
of center pivot, There were two pressure and two exhaust parts in the
center fixed stalk of the pivot which was secured to the triple bottom
(Figure 12). From the center stalk pressure was taken by a normel ar-
rangement of parts to the external revolving portion attached to the low-
er cordite handling room and thence to the distributing panels in the
lower shell handling room. The approximate overall dimensions of the
center pivot were height 4 feet and diemeter 30 inches,

2. High pressure blast air and electric cables were led in from the ship
to a fixed inner tube (A-Figure 13). This tube (A) extended from the
triple bottom, through the center pivot into the lower cordite handling
room to within a short distance of the underside of the deck of the upper
cordite handling room. At this point it was connected to a normal type
of BP air ocenter pivot and the EP air was led away into the revolving
structure.

3. Electric cables came from the inside to the outside of the fixed
tube (A) through four holes (B) just above the lower cordite handling
room deck, and were then led into the revolving structure at the under-
side of the upper cordite handling room deck (cy.

k. At the point (D), the external diameter of tube (A) was reduced to
teke the revolving sleeves By, By, E5, E . After leaving the fixed tube

- (A}, the cable (with adequaté sléck gllo*ed for turret training) was se-
cured to the bottom ends of sleeves Ey, Eo s E, by clamps F. As the
turret was trained, the amount of twiSt in any on portion of the cable
was limited to the desired amount by a slot (G) cut in fixed tube {A) ang
a tongue piece (H) ~n the bottom of the revolving sleeve Eq, and by
similar slots and tongues on the remaining sleeves.

MAGAZINE AND HANDLING ROOM CORDITE SUPPLY ARRANGEMENTS

1. Figures 14 and 15 show a diagramatic arrangement of the maguzines
and handling rooms. Figure 16 is an énlarged view of & portion of the
handling room. ’

2. When YAMATO was first commissioned, there ware nc watertight fore
and aft bulkheads between the magazines as shown in Figures 14 and 15,

It was not until after the Battle of the Philippines that they were fitted
for damage control reasons.
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94 TYPE A45CAL. 46CM. GUN TURRET

CENTRAL PWWOT OF BLAST AR
C

TRAING PART
Ny

E, [BLAST AR PIPE

Es

OUTER TUBE

ABOUT 3M

E
' TURRETS CAN BE
TRAINED 36O DEGREES

INNER TUBE (FIXED)

I
ELECTRIC CABLE

;

BLAST- AR PIPE

TRAINING: PART

FIXED PART OF 3WP:

TTTITT T T 7T T

Figure 13
CA*LE LEAD-IN GEAR
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&MUHLE

SWINGING RAMMER

TRANSFER IE RACK I3
\ %oznrra Roller: CcHUTE

[T

(LT

(T T T

Figure 14
PLAN OF MAGAZINE AND UPPER CORDITE HANDLING wuu.

3. Cordite was stowed horizontally in one-sixth charges (weighing 121-
132 1bs) im racks (B) (Figure 14). After removel from their canisters
they were manhandled onto the cordite roller chute (C) on which they were
loaded end to end. In the trial mount, the distance between the rack
stowage (B) and the roller chute (C) was 60cms. This was found to be too
small and wes increased to distances varying between 80cm ané ore meter.,

4., The charges were pushed by nand over the rollers of the chute into
the revolving fleshtight scuttle (D) which was long enough to hold six
one-sixth changes end to end, As originally designed, the scuttle was
revolved by hand, but this was found to be too slow, so a power mechanism
was fitted. The hand geer was retained as & standby. The power mechanism
consisted of a hydraulic cylinder and piston fitted with a reck, which
engaged a pinion at the center of rotation of the scuttle, A mechanical
interlock was fitted to prevent the scuttle from being revolved until the
cordite transfer bogie (E) was in line with the scuttle and locked t. the
ship.

5e The cordite transfer bogle was originally worked entirely by hend,
This type of bogie is shown in Figures 22 and 23, and was designed to
work with the trial cordite handling room gear shown in Figures 17 to 21.

6. .Referring to Figures 22 and 23, the bogie consisted briefly of the
carriage (A), the pivoting tray (B), and the handwheel and traversing
mechanism (Cs. The carriage was a simple girder structure mounted on
wheels adequately angled to each other to allow the carriage to be moved
on a circulaer path on the fixed deck of the cordite handling rooms around -
the revolving structure of the turret. The bogie was traversed by meens
of the handwheel and gear train (C).  ‘The lever (D) connected either cne
or the other of the pinions (E) or (F) to the geering (C) through e

simple dog clutch., One pinion (F) meshed with a circular rack on the
fixed structure and was used for traversing the bogie from the flashtizght
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Figure 16

- 94 TYPE — 45 CALIBRE 46 " GUN TURRET
POWDER HANDLING GEAR
¢ ja——

Figure 17

GENERAL VIEW OF UPPER ANL LOWER CORDITE HANDLING ROO¥
REVOLVING STRUCTURE OF TRIAL 18-INCH HOUNT
(4) Cordite bogie guide rails
(B) Cordite bogie traversing rack
(C) Roller path for vertical spring guide rollers
(D) Control levers for flash doors and cordite rammer
(E) Bed plates for swinging rammer
(F) Anti—flash door (right gun corlite hoivt)
(G) Anti-flash door (entrance to center gun cordite hous?)
(H) Bottom of upper C. H. R. revolving structure
Blast vent trunk

24



Figure 18
(SAME “AS FIGURE 17)

Figure 19
UPPER CORDITE HANDLING ROOM OF TRIAL #OUNT
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= Figure 2ac
' PLAN VIEW- OF UPPER CORDITE HANDLING ROOM OF TRIAL MOUNT
(4) Center cordite hoist trunk showing flash door
(D) at lower C. H. R. level
(R) Right cordite hoist trunk
(C) Left cordite hoist trunk
(D) See (A4)
(E) Hole for securing center pivot
(F} Flast_vent anfi’

. Figure 21
LOWER CORDITE HANDLING ROOM TRIAL DESIGN
(4) Guide vent for cordite traversing bogte
(B) Bogie traversing rack
“ (C} Roller path for vertical spring guide rollers
‘D) Comtrol levers for flash doors, cordite rammer
‘E} Fed plates for rammer
" (F} Ruil for privot tray roller
# (G) Anti-flash door
- ‘ (§) Inspection .
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scuttle=to the position in line with the entrance to the hoist.
eircular rack fitted to the revolving structure meshed with the other

pinion (E) and was used to make small adjustments to the position of the
other bogie when it was being locked to the trunk. Numerous trials were
carried out on this bogie to determine its suitabhility for use when the
ship was in extreme positions of roll. These trials showea tnat & hand-

powered bogie was impracticable with 10° list, and it was therefore never
fitted. - -

7 No samples or drawings were available of the powered transfer bogle
designed after these trials and fitted in YAMATO and MUSASHI. The follow-
" ding description of its construction is based on & discussion with Captain
DATE. 1In general aéppearance, it was not unlike the hand-worked bogie,
except that it embodied a platform on which the operator was stationed
with ‘his controls., The power supply, & normal hydraulic motor, and its
control valves were housed in the revolving structure of the handling
rooms., The motor was connected to & single "driving" rack, capable of
being revolved in either direction around the base of the revolving
structure. A second similar but lighter "control" rack was connected to
the motor control valve. The motion of this rack was limited to an amount
sufficient to operate the control valve. Tts position, and therefore
that of the control valve, was regulated from the bogie by a lever and a
differential gear, which was necessary in order to maintain the desired
-~ position of the control rack when the bogie was in motion, A third
"flxed" rack was fitted to the fixed deck of the handling room, for final
adjustment of the bogie's position when "locking to ship" for receiving
ammunition from the meagazine, and for traversing the bogie by hand in case
of failure of the power gear. In the upper handling room where there
were two bogies, five racks in all were fitted; namely, two driving,. two
control and one fixed rack, In order to avoid serious- damage to bogies
and racks due .to bogies colliding with each other, trip levers were fit-

ted which automatically declutched them from the driving racks on colli-
sion,

8. = On reaching the loading position, (Figure 16) the bogie came up
against & buffer stop, and was declutched from the driving racks and
clutched to the revolving structure. On arriving at this position, the
pivoting tray guide roller (J) had run off the end of the fixed guide
rail (G) onto the rail (H) which was plvoted about the point (F). Attached
to (H) was the piston rod (L) of a pivoted hydraulic cylinder (M), the
control position for which was approximately in the position occupied by
the man in Figure 21, By means of this hydraulic cylinder, the rail (B)
was swung about (F) to the position shown dotted in Figure 16, bringing
with it the guide wheel (J). The pivoting tray on top of the bogie (E)
was made to swing about its lower left hand corner (referring to position
in sketch) and so brought the charges -into line with the flash door of
the cordite hoist ready for remming into the gunloading cage,

9. Anti-flash doors were fitted at the entrance to each hoist and were
operated by one of the levers (D) shown in Figures 17 and 21. When the
gun loading cage arrived at the bottom of the hoist (1) it operated

e ism, and indicator in front of the rammer
operator showing "cage down" or "cage up', and (2) removed a bolt locking
=the flash door control lever in the "closed" position. The lever was
then put to "OPEN", which (1) locked, by rod gearing and pin, the cordite
hoist control lever in the gunhouse in the "DOWN" pusition, (2) opened

the flash door at the bottom of the hoist, and (3) freed the cordite ram-
mer control lever,
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10. The cordite rammer, shown diegremmatically in Figure 6 is of the
piston, rack and pinion type and was housed in the casing above the head
of the rammer number on the left side of the hoist (not on the right as
shown in Figure 16), The rammer head (M) was able to rotate in the ver-
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tical plane about the point (0)., It was normally in the "UP" position,
clear of the cordite transfer bogie. When the charge was ready for load-
ing, the rammer head was swung downwards into line with the charge by a
crank operated by a roller working in a cam groove in the rammer casing,
After ramming the charge. the rammer was withdrawn. and the flashdoor
closed oy thé operator on the levers thus freeing the cordite hoist in-
terlock in the gunhouse., The cage was then ready to be raised by the
operator in the gunhouse,

11. The lower and upper cordite handling rooms were similer except that
the lower had only one transfer bogie and one hoist (for the center gun)
while the upper had two bogies and two hoists (for the outer gumns).
Around the base of the revolving structure in the upper handling room was
8 machined path (C) in Figure 17 and Figure 21) on which ran the vertical
spring guide rollers for steadying the lower end of the turret revolving
structure. A blast vent trunk (Figures 17 and 20) was built into the
front of the upper handling room with light steel doors opening upwards
from the lower handling room for venting the force of any explosion in
eitner of these compartments into the lower shell handling room through
groups of holes in the shell handling room deck above the vent trunk,

The vent holes were direetly below shells stowed in the front of the shell
handling room. From this handling room, the force of explosion was to be
vented upwards through shell hoist, manholes etc., and sideways through
holes and opening in the shell handling room wAlls into shell rooms.

This method of venting explosions in the cordite handling room was given
by Lt. Comdr. MATSUMURA and Mr. SUGIYAMA. When the writer expressed con-
siderable surprise and doubt that the vent holes were directly below
shells stowed in the handling room they were adsment that this was so
(although the trial mount had not -been sc fitted). Captain DATE later
disagreed with their statement and said the vent trunks led into the

space between the fixed and revolving structures, a much more reasonable
explantion.

12. In Figure 20 a portion of the deck plating between the center (&)
and left cordite hoist (C) is removed, to give a view of the lower hand-
ling room and the hole (E) around which is secured the center pivot,

13, The cordite hoist consisted of a flashtight trunk three feet one inch
by nine feet five inches internal dimensions running straight from the
cordite handling rooms to the gunhouse (approximately 55 feet in "A™
turret). The hoist was fitted with guide rails to take a single cordite
cage (details of which will be found in paragraphs 15 to 18)., An anti-
flash door was fitted in the hoist just above the turntable floor and was

operated eutomatically by the cordite cege on its passage up and down the
hoist,

14, The cordite cage lifting gear (Figures 24 to 26) was fitted to the
front of each cordité hoist in the lower shell handling room. The old
wire and sheave type hydraulic press had been discarded in favor of what
the Japanese consider & more efficient hoist., This consisted of a hy-
draulic cylinder and piston fitted with a rack extension, driving a train
of pinions connected to a wire-winch drum. An idea of the cumbersome
nature and weight of this gear can be gathered from Figures 24 and 26, A
straight-toothed rack (C), on the side of which were cam rails (A) for
the operation of the hoist control and cut-off valves, was connected di-
rectly to the cordite hoist piston, The rack driving through pinions (D*
(B}, (F), (¢) and (H) revolved the grooved drum (B) around which was

wound the cordite cage lifting wire. The wire was guided onto (B) by a
Jockey pulley.-

The overall velocity ratio of piston to cordite cage was of the order of
1 %o 10,
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Figure 24
COKDITE HOIST RACY AKD GEAKING - BEFORE ASSEM2LY

CAM’ TRACKS
oN
SIDE- OF RACK

TN
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Figure z5
GUN TURRET POWDER HOISTING WINCH
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Figure 26
CORDITE HOIST WINCH

SHELL SUFPLY |,

1. Shell Rooms and :Shell Handling Rooms

The diagrammatic sketches in Figures 12, 1k, 15, and 27 give some idea of
the arrangements in the shell and shell handling rooms.

2e The main feature of interest, is the unusual method used for moving
shells from the stowage position to the hoists. The gear used for this
purposSe was known as "Push Pull" gear. (Figures 28 to 31). Shells were
stowed verticelly on jtwin skids (C) (Figures 28 and 29) and between heavy
girders (G). The whole available deck space in shell rooms and shell
handling rooms, was occupied by this stowage which was arranged either in
the fore and aft direction, or athwartships. Suitable Junctions (X),
Figure 31, or breaks in the run of the girders (G) allowed the direction
of movement of shell to bz changed from athwartships to fore and aft, or
vice versa, N

3. ~The shells were held and moved between the girders (G) by two "gates”,
(A) and (B), upper and lower,

(A), the upper was known as the "fixed gate", and was capable only of ro-~
tation in the vertical plane, through an angle of 90° about the shaft to
which it wes keyed. (See Figure 31) When (A) was in the "down" or hori-
zontal positlon the fingers of the gate were around the shell, just below
the ballistic vap. The function of the gate (A) was simply to support
the shells against rolling and pitching and to keep them at the correct

31
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Figure 29
ENTRANCE TO SHELL HOIST FOR CENTER

GUN IN UPPER CORDITE HANDLING ROOM
{"Push~Pull"” gear not fitted)

Figure

UNIT OF SHELL "PUSH PULL"™ GEAR (TRIAL DESIGY)
‘ FOR HANDLIKG ROUY
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distance from each other when not being supported by the lower gate (B)
which was known as the "moving gate'" and was capable both of rotation
through 90° in the vertical plane about a shaft level with the center of
gravity of the shell and of moving bodily backwards and forwards between
the girders {G). In the "secured"” position, fixed gate (A) was down, and
moving gate (B) was up ccmpletely clear of the shell, When moving &
shell, the action of the gear vias as follows:

8, Moving gate lcwered,

b. Fixed gate raised clear of shell.

C. Moving gate moved horizontally one shell space, taking all
shells in the gate with it (six in the gate shown in
Figure 28),

d. Fixed gate lowered,

€, Moving gate raised. .

f. Moving gate returned one shell space ready for the next cycle.

In the trial mount the gates were connected by 90° link gearing so that
they rotated as one unit, 90° out of phase with each other, This was
found to be ansatisfactory, and in the final design they wsre completely
disconnected and each given its own control lever and hydraulic operating
cylinder. In the final design the size of the gate fingers was consider-
ably reduced.

Figures 28 and 31 show the hooks (D) and (D) at each end of a gate, The
function of the hooks (D) was for one to pull a shell out of an atwart-
ships bay into a fore and aft bay and of the (D ) to push & shell from
the end of its bay into the shell hoist. Hence the name "Push-Pull" gean

L, The control mechanism for the "Push-Pull" is shown in Figure 30. It
consisted of normal hydraulic cylinders and pistons (E} and {F) rotating
the gates through suitable bell crarks, and moving the gates horizontally,
either by rack and pinion or by & simple tug on the end of the piston rod
that hooked into a slot {(elongated radially to allow for G0° rotation) in
the connecting bar of the moving gate.

5. Embarking Shell

The shell was embarked into the shell room by a conventional grab capable
of picking up a shell horizontally on the upper deck, swinging vertically,
and lowering and disengaging -in this position on the skids of the shell
room deck, By use of "Push-Pull" all bays in the shell rooms could be
filled and shells moved step by step up to the positions (C) (Figure 27).
In the fixed structure around the outside of the lower shell handling
room there were two shell transfer bogies (Figures 27 and 32). The shell
was loaded into one of these bogies by the "Push-Pull" at point (C) &and
traversed either by powser or by hand to one of the three entrances to the
shell handling room, (A) in Figure 10 and 11, In this position the bogie
was locked to the turret and the shell pulled out of it by the end hook
of a "pPush-Pull" unit in the handling room. In this way, all positions
in the lower shell handling might be filled. The only way of getting a
shell into the upper shell handling room was by loading first into the
lower handling room and then lifting by means of the auxiliary shell
hoist or the main hoists into the upper handling room, a very slow and
laborious method of ammunitioning ship. Two estimates were obtained of
the time taken to ammunition ship, but they were somewhat unreliable,
The: first was given by Lt. Comdr. MATSUMURA at KURE, who said the ship
could be completely ammunitioned in 24 hours, working day and night. The
second was by Captain K. KURODA, Gunnery Officer of YAMATO at the time of
her sinking. He said four days were required, working during deylignt
hours only. He had been gunnery officer of YAMATO for only three veeks,
had never taken on ammunition and seemed othervise poorly acquainted with
her armament, but this seems to be the better estimate. Cordite was
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Figure 51

"PUSH PULL" GEAR (TRIAL DESIGN]

Figure 32
SHELL TRANSFER BOGIE
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loaded via normel embarking hoists directly to the magazines,

6. . shell Stowage

The requirements given when designing the ship were to provide stowage
for a total of 100 rounds per gun. It was intended that enough rounds be
~stowed in the revolving structure to fight a surface action, without hav-
ing to transfer shells from the shell rooms to the shell handling rooms,
since, with the gear as fitted, this would have been a very slow proce-
dure, Arrangements were therefore made to stow 60 rounds per gun (total
180 rounds) in the revolving structure and 40 rounds per gun in shell
rooms in addition to a ¢ertain number of practice shells. This involved
stowlng 120 rounds in the lower shell handling room, outer shell hoists
and outer gunhouse waiting positions, and 60 rounds in the upper shell
handling room, center hoist and waiting positions. As the handling rooms
inspected at KAMEGAKUBI were built for trial purposes only and were
therefore only partially completed, it was not possible to verify that
these numbers of shells could, in fact, be stowed,

7.  shell Hoists

The shell holsts were simple "pusher® type hoists fitted with a single
set of moving, or lifting, pawls in back and fixed retaining pawls at the
front. There was no scuttle at the bottom of the hoist, Shells were
pushed by the "Push-Pull" directly into the hoist through & suitably
shaped ovening (Figure 29), and togpled onto a platform sloped at about
50 below the horizontal, to bring them into line with the hoist which is
raked at 5° from the vertical. A spring-loaded crank, projecting above
the platform, was depressed by the shell on entering the hoist. This
crank was-connected to anti-rolling stops at the sides of the hoist en-
trance (not fitted in hoist in Figure 29) which were thus closed, to pre-
vent the shell falling out of the hoist. 4 slot was cut in the platform
to allow passage for the lowest lifting pawl. All three hoists were
carried to the bottom of the lower shell handling room. There was an
entrance to each holst both in the upper, and in the lower shell handling
rooms, Shells were normally supplied from the lower S.H.R. and during
action more shells were to be supplied from the shell rooms. The rate

of supply from the shell rooms was not normally sufficient to keep up
with the rate of Supply from the handling rooms to the gunhouse. When
the supply from the lower handling room was exhausted, it was continued
from upper S.H,R. by inserting portable platforms in the holst at the
entrence at that deck level,

8. The piston of the lifting cylinder was fittea with a rack extension,
which was connectad through a 2 to 1 ratio Pinion gear to a rack fitted
to the lifting pawls®' connecting lead, The stroke of the piston was ap-
proximately 1.3 meters (43 feet) and of the pawls 2.6 meters (85 feet),
The moving pawls, of which there were four, were all positively operated
by & roller running around an "island"” cem on the inside of the hoist
trunk. The "fixed" pawls were all interconnected and were pushed inté or
pulled out of the hoist by bell crank and rod gearing operated by a roll
running in a cam groove on the side of the rack extension of the pis-
ton rod. There were three fixed pawls in each hoist,

9. Shell Hoist Interlock

.'The only interloeck fitted was manually operated by a men standing near
the entrance to the hoist. He had a lever which was mechanically connected
to tell-tales and locking pins in (1) the "Push-Full" operators posi-
tlon, where it showed whether or not the hoist was clear for remming so

" that his lever could be locked if it was not clear, and (?) in the gun-
house to prevent the hoist being raised before s%ell wes loaded intc the
hoist. .
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10, Gunhouse Shell Tilting Bucket and Waiting Tray (Figuree 33 and 34.)

The top pawl of the shell pusher hoist, lifted the shell into a "U"-shaped

tilting bucket well to the side of and above the center line of the

bore when at the loading angle. A spring operated pawl returned the

shell in the bucket when the pusher hoist started its down stroke. There
= was no interlock to prevent the shell hoist being reised when the tilting

‘ bucket was in the "down" position. Good drill was relied upon to prevent
such an accident, This was not considered to be & serious deficiency
when bese-fused shells were used, but with nose-fused shell a safety in-

terlock was thought to be very necessary; one was being designed. It was
never fitted. L '

1l 'The bucket was tilted down to 8° abovia the horizontal by & hydraulic-
ally operated rack, crenk, and connecting rod as shown in Figure 34. The
reason the bucket was not tilted down to 3°, (the loading angle of the
gun) will be explained later in the discussion of the shell bogie and
‘. rammer., The. shell was prevented from faliing out of the side of the buc-
= ket by retaining clips (A) in Figure 34. These clips were opened by link
gearing and & roller working in the cam rail (B) on the side of the wait-~
ing tray. This allowed the shell %o roll ocut of the bucket onto the
waiting tray, where it was held by the stops (C) until it was rolled onto
R ‘ the receiving tray of the combined shell lo'zding bogie and rammer.

12. Shell Ioading Bogie and Rammer (Figu;§§v35 and 36.)

The shell loading bogie and rammer wﬁs a lépge unwieldy contraption weigh-

ing about three tons and bearing a marked ‘iesemblance to some prehistorie
e shown in FPigure 36. It was

monster (Figure 35). Its main dimensions i
mounted on four wheels running on rails perallel to the bore of the gun,
In the stowed position, the upper surface #f the bogie and the receiving
tray (A) for the shell were inclined at 8%yabove the horizontal. As the
bogie was moved forward toward the gun the ‘front wheels ran down a ramp
to the position (B), thus bringing the bogi? and shell to an angle of 3°
above horizontal, the loading angle of thetun. This arrangement was
necessary to allow room for the cordite ra r and gunloading cage cylin-
der to swing intc line with the bore under th the receiving tray (&)
when the shell bogie was in the stowed pos on. A breech thread pro-
tecting tray (C) was fitted on the bolt (E In Figure 35 the tray is
not in position. Power for moving the bogié and for ramming wes supplied
through telescopic pipes along the sides o he bogie. A buffer stop (D)
limited the forward movement of the bogie. s the buffer was pushed in
and met the breech face, anti-rolling gripei(F) were opened to free the
shell preparatory to ramming, The total T ard movement of the bogie
. wag about 13 feet, and it was kept in the
by hydraulic pressure in the bogie moving

r driven through & spring
, @nd hydraulic piston. Hy-

of the rammer, A rigid bar
support the chain,

l - 13, The rammer was a normal chain-type ram
i shock absorbing mechanism (G) by pinion, o
' draulic buffer stops were fitted at each e
(H) extended for part of the rammer stroke

14, TFigures 37 and 38 show the shell bogi
signed. This bogie, had three pairs of wh
taining the rammer end its operating mecha
v - - rear pairs of wheels, while the receiving g
: '~ was supported by the front pair. As the bog

-, front wheels ren down a ramp allowing the ré
. about the point (C), .thus bringing the rec
h line with the rammer head at the loading ang
‘ with a frietion drive for the rammer instead
‘ on the later type. -Both types of bogie ha
States for further examination.

nd remmer as originally de-
S. The main body (A) con- Lo
m was mounted on the two -
¥y and remainder of bogie ({RB)

€ was pushed forward, the

eiving tray (B) to pivot

ing tray and shell down into

e, This bogic was fitted

of the spring shock absorber
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Figure 35 '
GUNHOUSE SHELL BOGIE. AND SHELL RAMMER.- FINAL DESIGN

__TELESCOPIC TuRe:

RURD- OUT CYLIVDER

Rub-out Cylnioee
TElescoPic TueE
RAMMER CYLINDER

Figure 36 ’
GUN TURRET SHELL RANMER IN GUN-HOUSE
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. Figure 37
; - GUNHOUSE SHELL POGIE AND RAMMER (iriaL DESIGN}

Fijure 38
(SAME AS FIGURE 37)
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15, Gérdite Cage and Rammer (Figures 39 and?ho.)

The method of getting the charge from the magazine into the cordite cage
has been described in previous paragraphs. The description of the cace
itself and the means of loading the charge into the gun has been cnitted
until after the description of shell loading in order to maintaig.the
correct sequence of loading operations.

16, A cylindrical flashtight charge container (A) designed to hold six
one-sixth charges in line was carried in the upper part of an open frame-
work (B), which was mounted on wheels (C) and (K) running in suitable
guide rails in the hoist trunk. The container (A) was mounted on wheels
(¢) running in rails formed in the top of & carriage {H), which was keyed
-to the shaft (D) and coupled to bearings at the bottom of the freme {B)
The shaft (D) was offset from the center line of container (&), whose
weight, with that of the charge, tended to keep them in place in the
frame (B) on the way up and down the hoist. A lever (E), keyed to the
shaft (D), and roller (F), running on a rail (J), also assisted in this
(though this was not their main function).

i

17. When the cage approached the top of the hoist, roller (F¥) entered a
portion of the rail %J) whieh was pivoted about and keyed tc the shaft
and crank (L), rotated by the connecting rod, pinion, rack and hydraulie
cylinder mechanism (M). In order to bring the containers into line with
the bore of the gun, the rail (J) was rotated to the position shown dot-
ted in end view (Figure 39 (A)); (J) took the roller (F) with it, thus ro-
tating crank (E), shaft (D), and carriage (H) to & position outside the
main frame (B). During the last part of this rotation, a forward motion
(relative to the carriage (H))was imparted to the container (&) by the
pivoted link bars (Q) and (Q;) end link (R). This motion was controlled
by a roller (N) on link (Q) working in cam (P). (A) was thus taken suf-
ficiently far into the gun to cover the breech threads.

18. The container was made flashtight by end doors fitted to the main
frame; these were opened and closed sufficiently by the rod of lever gear-
ing (S) to allow free sideways movement of the container. A complete cor-
dite cage has been sent to the United States for examination,

19. Cordite Rammer

(FPigures 39 and 40) was fitted to the rear of and on the opposite side of
the gunwell to the cordite cage, It was made to swing about its lower
edge in order to bring the rammer head on line with the bore. The posi-
tion of the rammer body was controlled.as shown in Figure 39 by the seme
hydraulic cylinder (M) which controlled the swinging of the cordite con-
tainer. In all other respects, the rammer was a conventional chain-type
rammer worked by hydraulic piston and rack. In the trial design & tele-
scople piston~-type rammer was used, but this was found to be too slow

(8 secs per stroke) and the chain type with a speed of three seconds per
stroke was substituted,

20, Training Gear (Figures L1 to 45.)

Two entirely independent sets of training gear were fitted 180° apart in
each turret but only one was used at a time. In the opinion of the Jap-
anese there would be two main disadvantages on designing a normal type of
worn. and worm wheel driven training gear for. a mount of this size, First,
it would require too much horizontal space, necessitating a very large
diameter turret and, secondly, the load on the worm would be very high eand
1t was feared that severe pitting would take place at the point of con-
tact, It was therefore decided to design a wormless training drive. 4
diagrammatic sketch of this is shown in Figure 41, Details of the train-
ing pinion and rack are given in Figures 42 and 43. The details in Figure

4|
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; Figure gz |
GUN TURRET TRAINING PINION - STEEL

(Dimension in mm)

— A

Figu¥e 43
GUN TURRET TRAININC RACK
{Dimension in mm)
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Firgure 44

TRAINIKG EXCINES

Figure 45
TRAINING ENGIVES
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43 (C) are not reliable, as it could not be verified whether the number
of segments of training‘rack used was 18 or 20. %

21, A vertical hydraulic engine of 500 hp (Figures 44 and 45) was built
into each side of .the turntable, (The entrance to the training engine
spaces can be seen at (C) in Figures 55, 57, and 58). Referring to
Figure 41 {B), the hydraulic motor drove the inner member (A) of a
"coaster" gear through a core clutch at (CC) (clutch is not shown on the
sketch). This was named after the bicycle drive which it closely re-
sembled, The inner member (A) drove the outer member (B) frictionally
through three (total six - three for each direction) "flattened" rollers
(D). (B) was keyed to the first of a train of straight-toothed pinion
ending in the training pinion (shown in Figure 42) which drove the
turret at two degrees per second. According to the gear ratios shown in
Figure 41, this would have required a maximum speed of 53 rpm from the
training engine. As thls sketch was made from memory, (with the excep-
tion of the finel driving pinion) these figures could not be checked.

22, "It was originally intended to fit the "coaster™ gear in conjunctiun
with a hydreulicelly operated bend breke on the driving shaft from the
hydraulic motor. The band brake would have acted as s non-reversing
mechanism, & function normelly performed by the worm, but it was not a
success and was not fitted. The training gear, therefore, in its finel
form was NOT non-reversing, and the "coaster® gear served only as & sub-
stitute for the normel friction dises to assist in absorbing the firing
thrust when firing an outer gun, or the inertia of the turret on sudden
reversal of the direction of training., It is claimed that it absorbed
about 504 of the inertia of the target when the direction of training was
suddenly reversed at full speed, and the slip under these conditions was
30 minutes of arc. The method of operation of this gear can clearly be
seen from Figure 41 without further description.

- 23. Considerable trouble was experienced in the early stages with severe
scoring of the driving face on the outer drum (B). This was overcome by
forced lubrication (without unduly increasing the amount of slip). A one
‘hp electric pump was used for this purpode as well as to lubricate all
the pinion teeth and bearings. Although the.design of the "coaster" gear
and band brake was not successful as a non-reversing gear, it was con-
sidered a stroke of luck in that the trials had resulted in & nest and
compact substitute being found for the normally used bulky friction disecs,
The overall dimensions of the outer drum are claimed to be about three
-feet external diameter and eight to nine inches in height. This would
‘indicate a very small area of driving face on the "rollers". TUnfortuneate-
ly no sample of this gear could be found, So these data were not con-
firmed.

2. Elevating and Slide Locking Gear (Figures 49 and 50.)

The normal cylinder and piston type of elevating gear was used. The msin

-Gimensions of the cylinder (teken from a cylinder found at KAMECAXURT)
are given in Figure 4L9. Referring to Figure 50 the upper end of the pis-

-ton rod was connected to a crosshead and slipper (B) running in the slip-
per guides (C). (These guides can just be seen in Filgures L6 and 47, in
which they are labeled (D) The crosshead was comnected to a piston rod
and piston working on the hydraulic shifting cylinder (D) (Figure 50).

- The position of the piston in the cylinder was controlled by a hand lever
on the side of the cradle, It was thus possible to vary the distence be-
tween the gun trunnions &nd the eleveting piston rod crosshead (the ele-
vating radius arm). In the "In" position (see Figure 50 {B))the radius
arm was & minimum and in this position, the elevating limits’ of the gun
are +45° to -5°. In the "Out"™ position (see (A) of Figure 50) the ra-
dius arm was a meximum, and the elevation of the gun was limited between
+41° and +3°, The gun was normally used with the crosshead in this
position. The crosshead could be locked at either end of its stroke by
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Figure 46
18-INCH SLIDES FOR BB SHINANO

Figure 47
18~INCH SLIDES FOR SHINANO
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ELEVATING CYLINDER
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ELEVATING GEAR

Figure 51
18~INCH SLIDE FOR BR SHINANO
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locking bolts (F) (see (C) of Figure 50) operated by pinion and bevel
gearing)from.hand wheel (E). (This cen also be seen in Figures L7, L8
and 51. :

25, Slide Locking Gear

The object of this movable crosshead, was to act as a form of slide lock-
ing gear, With the crosshead locked-in the "Out" position, as in Figure
50 (A), it was only necessary, when the gun was at elevation, for the
elevating handwheel to be put hard over to "Depress", and the gun would
automatically be stopped at 39 of elevation by the normal "cut off" gear
coming into operation as the piston arrived at the limit of its travel in
the cylinder. The slide was not locked during the loading operations,
but thé. elevating handwheel was kept at "Depress", thus kKeeping the gun
stationary at 3° elevation. A "tell-tale" operated by the rammer opera-
tor showed the pointer when the gun was loaded and rammers withdrawn. A
hand operated slide locking bolt was fitted for locking the guns at 1°
elevation when secured for sea. i

26. The designed elevating speed was 6°/sec, bﬁ? it is claimed that in
practice 8°/sec was obtained. - h
4

27. Rate of TFire @

Bstimates given of the loading cycle times of tie 18-inch mounts very
from 40 seconds at full elevation, to 28 seconds’at an unknown but pre-
sumably low elevation. When first questioned o%?this subject, 1t. Comdr.
MATSUMURA stated that a prolonged serizs of trisils had been carried out
to establish the actual rate of fire of these mcunts, and the best result
obteined was one round in 28 secomds, but one rqgund in 30 seconds was the
normal rete. The angle of elevation at which these results were obtained

is not known. Mr. SUGIYAMA was then asked the ﬁimes for the individual
loading cperations. He could not remember themiexactly, but as far as he
could remember, they were approximately aSvfoll$ws:

Depressing gun from 20° elevation to loadirig
angle to 8°/sec and allowing for cut-¢ff ... 2.75 - 3 sec
Opening breech seseessccccencscssssessccssiussee 2.0 - 2.5 seC
Moving shell bogie fOXWATA seecuececcnscssiivesesssavenss 3 SEC
Ramming Shell ceeseecacocecssensnsssvsoscaciossscsescnnan sec
Withdrawing remmer and returning bogie ...iéw.cescsccaees 5 8S€C
' Swinging cordite oylinder and remmer to 4 »
loading pOSition .0;.0.0.00'.0'..00.0" o908 sscs0seIe 8€C
leing charge S 9 9 00 0 80 05O RSO0 N O N6 E LI BEIEOS > 5 0 ¢ 8058 0 seic
Withdrawing IamMMer ...cccesssocessssovocsetivessacesasasns sec
Returning cordite cylinder and remmer to :
FAPING POSILION eeeeveveecsoscesccassiocsssossnseas 3 SEC
ClOS’.ing breech $ 0 000 0S8 600 ¢85 0060000800008 se00 00000 S€=0
Elevating Ul ececsccescccssssssctscsssenns . sec
Recall and TUN=0UtL sescsocccsscscssccsosecatsescasas 24 séc

This gave a total time for the loading cycle at!20° elevatinn, (nuglect~
ing time on aim) of 35 seconds to 36% seconds - say 36 seconds. %his
agrees with a loading cycle of 30 seconds at 3%°’elevation, and approxi-
mately 4O seonds at 41° elevation. The rate ofifire given by Caplain
TWASHIMA and captain DATE was 1.5 rounds per minucve at full elevai:ion,
and it seems reasonable to accept this as the correct rate. The npeed of
ammunition hoists, and handling room operations;allowed an ample mAargin
to supply shell and charge in the gunnouse withiino delay in firing.

|
i
1
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28, ' Turntable (Figures 52 to 59.)

Figure 58 is a diagrammatic representation of the construction of the
turntable, which was an entirely riveted, rabricated structure, The
weight of the bare turntable as it appears in the plates was approximate-
1y 300 tons. In the factory it was lifted and tipped upqide down by
special 1lifting gear secured to removable lifting plates ((A) in Figure 5,
55 and 57) for mechining the roller path. An idea of its size can better
be obtained from the general view of the proving ground at KAMEGAKUBI in
Figures 8 and 9. In these photographs it can be compared with other
units of the 18~-inch mount, and also with & 6-inch mount. The units
shown are (A) 18-inch upper apd lower cordite handling rooms, (B) 18-inch
turntable, (C) 18-inch upper and lower shell handling rooms (D) 6-inch
triple gunhouse and working chamber, (E) 16-inch cradle and slide, (F)
18-inch cradles and slides.

Approximate dimensions of the lower roller path are given in Figure 59 (A)

29. | Trunnion Brackets (Figures 55-to 57 and 60.)

There were only four trunnion brackets for the three guns, Further des-
criptioh of these trunnion brackets is unnecessary, as full details are
given on Figure 60 which is self-explanatory. This sketch and Figure 58
were both made from inspection of the incomplete turntable depicted in
Figures 54 to 57.

30. ‘Cradle and Slide (Pigures 46 to 48, 51, 59 and 61.)

The main structure of the cradle consisted primarily of two semi-cylin-
drical steel castings (B).and (By) Joined at (A), Figure 51, the center
line of the keyways for the gun keys., The necessary housings for recoil
and run-out cylinders and elevating piston rod slipper guides were an in-
tegral part of the mein castings. (B) and (B1) were joined together by
two large side plates (C) in Figure 61. A splinter plate (A) and a light
copper chase protection plate (P) were fitted to the front of the cradle.

Figure 52
18-INCH TURNTARLE (TRIAL DESIGY SEMI-COMPLETED)]
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Figure 53
~(SAME AS FIGURE &2)
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! Figure &4

NEARLY COMPLETED TURNTASRLE FOR SHINANCU
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. Figure 55
(SAHE AS FIGURE 54)

Figure 56

(SAME AS FIGURE s54) .
Supports Hasted Away by Typhoon -
Feight 300 Tons (Approx..)



Figure 57

18-INCH TURNTABLES FOR SHINARO - SEMI-CONPLETE
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TURRET TURNTABLE

DIMENSIONS 1N MILLIMETERS
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1 [Tuzse FIGURES NOT DRAWL) To E]

S
_z*uJ_ 385 l ‘215 ,I,
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Figure 59
LONER ROLLER PATH AND TRUNKION SHAFT

31. Recoil and Run-Qut

Recoil and run out were controlled by five separate cylinders fitted on
top and below the cradle. Figure 51 shows these cylinders from the breech
end, They were situated as follows: the top right and bottom left were
run-out cylinders, the top left and bottom right were recoll cylinders,
and the bottom center was the run-out control c¢ylinder, The run-out cy-
linders were pneumatically operated with an initial air pressure of ap-
proximately 1350 psi and a final pressure of about 24,80 psi.

The usual 50-50 mixture of glycerine and water was used on the recoil and
run-out comntrol cylinders, neither of which had any unusual feature

. The recoil cylinders played only a very smell part in the control run-
out, and what little effect they had on the run-out Speed was produced by
a tail on the recoil piston rod working in an extension to the cylinder.
It was mainly to avoid weakening the recoil piston and piston rod that an
independent run-out control oylinder was fitted. The weight of the cradle
and slide was such that only a smell balance weight was necessary to ba-
lance the gun in elevation. It was to this balance weight (one of which .
is shown in Figure 10) that the run-out, recoil, and run-out control pis-
ton rods were secured. Two cradles and slides, complete with recoil and
-run-out mechanisms, have been shipped to the United States for use in
proving the guns and for detailed examination.
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Figure 61
18-INCH SLIDE FOR SHINANO

. : Part IIT
MISCELLANEOUS INFORMATION AND NOTES ON PERFORMANCE OF THEE MOUNT IN SERVICE

1. Secondary Ammunition Supply

Two auxiliary hoists were fitted in each turret, These were of conven-
tional design, using a hydraulic winch, similar to, but smaller than, the
main cordite hoist winch, Both shells and cordite were hoisted vertical-
ly in sultable containers., Transfer of shell in the gunhouse was effected
manually by overhead travellers and chain purchase,

2. With the original design of "Push-Pull" gear secondary supply in the
shell and shell handling rooms was done: by overheed traveller and .chain
purchaese, This was found to be too slow and the "Push-Pull™ was modified
to allow the gates to be operated independently of each other, so that
both could be raised at the same time. This provided a clear space be-
tween. the main girders, . Shells were moved in the space- by being dragged
and: rotated on their bases, by meens of a wire fixed at one end, passed
round the shell and then drawn by a hydraulic winch. It was by this means
also that shells were loaded into the: upper handling room from the hoist
when embarking or replenishing the supply in this room after anm action.

3. Cordite Drenching and Magazine Flooding Arrangements

The flooding valves for megazines were hydraulically operated by remote
control. valves fitted in a cabinet in. the lower cordite heandling rooms.
The flooding valves could be opened in 20 seconds, and the magazines com-
pletely flooded in 15 minutes.. The magazine, shell rooms, cordite and
shell handling rooms and cordite hoists were Titted with normal spraying
arrangements,

L, Performance in Service

The' designers of this mount were favorably impressed by its performance
on service, They fully expected that with such & large turret containing
many novel features complaints from operating personnel would be numerous,
This was not so. They admit that it wes only used over a. period of about
three years.and therefore certain inherent defects may not have had time
%o develop to a stage at which they would become troublesaome. This is
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c,orrect; but, on the other hand, it is usually found that the first few

., years of service of a new type of mount are those when most troubles are
experienced. There was omly one serious 2ccident dquring this time, - and
4that was a fatel one. A man was %illed in the space between the shell
end shell handling rooms, by being cut in two by a shell bogle. This was
thought to be due to his own carelessness,

5e The most troublesome feature was the large amount of Jubricating oil
used. by the cordite hoist racks and winckes and by the training gears;
these had begun to show signs of heavy pitting. Complaints were also
made about the noise mede by the rollers im the "coaster gear™ and diffi-
culty experienced in hoisting shells when the ship was rolling more than
50 but no further information was aveilable on this. The blast from
these gung was very great and was partlcn]arly troublesome in the bridge
area,

6. Information obt.ained about the operational use of these guns is &as
- follows:

B

N

a, A considerable amount of researci has been carried out during
the past 10 years on the problem of the reduction in size of spreads
of salvoes in Japsnese naval gunnery. In the design and manufaecture
.of the 18=inch mounts and, for that matter, all other modern mounts
great care was taken to reduce to a minimnm the backlash in elevat-
ing and training drives, elevation amd training receiver drives, and
all other sources of large spreads. The normal spreads obtained
with the 18-inch guns were reported to be about 500 to 600 yards at
maximum range when firing five and four gun salvoes. V¥hen firing
broadsides the spreeds were larger than this. As the solution of

. the probiem of reduction in spreads is dealt with fully in RavTech¥mp
S i Report, "Japanese Surface and General Fire Control”, Index Ko. 0-31,
S no further deta1ls will be given here,

ba The 18-1neh guns were used against aircraft, mainly against
torpedo bombers, using Type 3 (incendiary shrapnel) shells, The
effectiveness of the fire is discussed in some detail in KavTeckdap
Report,. "Jepanese Projectiles - Ceneral Types”, Index No. 0-19,

Three widely differing statements were given on the amount of anti-
aircraft shells carried by YAVATO and MUSASPI and they were (1) 100%
of full stowage, (2) 40%, (3) 106, (1) was given by Lt. Comdr,
MATSUMDRA and is probably most unreliable, %2) and (3) were given
by Captain KURODA and Captain EITSUI, respectively, and it is 4iffi-
cult to judge which is the most reliable probably the 4L0% figure is
nearer the correct answer, There was no rapid method of changing
‘the -type of siuell To be rired from these guns other than loading some
hoists with one type and the remainder with another. FuzZes were amet
in the shell handling rocms, and fuze protectors used to prevent dam-
age to the fuze before loading. Ths method of calculating the fuze
time to be seb, is dealt with in NavTechdap Report,"Japanese Surface
and Ceperal Flire Control,” Index No.0-31.
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ENCLOSURE (A)

= LIST OF JAPANESE EQUIPMENT SHIPPED TO THE UNITED STATES
” (A1l for Type 94, Lbéem (18") Mount)

NavTechJap )

Equipment No. Description Destinetion
JE 22-2070 and

JE 22-2070 (A) Left Hand Gun and Breech Mechanism (1) NPG
JE 22-2071 Right Hand Gun and Breech Mechanism (1) NPG
JE 50-3180 Cradle and Slide (For 'left hand gun} (1) NP

JE 50-31381 :Cradle and Slide (For right hand gun) (1) NPC
_JE 50-3182 Gunhouse Shell Bogie and Remmer

{Trial Design) (1) NRL-

50-3183 Gunhouse Shell Bogie and Rammer
{(Final Design) (1) : s NRL

'50~3184

Cordite Gunloading Cage (1)

JE 50-3185 ) Guﬁhouse ShelllTilting Bucket and
' Waiting Tray (1) , NRL

KPG - Naval Proving Grouna, Dahlgren, Va, "f
NRL; - Naval Research Laboratory, Anacostia, D.C.






